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Atom is the smattest particle af an element, which can take a chemical 
amy cz part in a chemical 


+ The atoms of He, Ne (noble gases) can exist independently 

+ The ntoms of hydrogen, nitrogen and oxygen cannot exist independently. 
* Atom is now further divisible into sub-atomic particles. 

‘+ More than 100 sub-atomic particles are thought to exist in an atom, 


‘+A few sub-atomic particles are electron, proton, neutron, hypron, neutrino, antineutrino 
ete 


+ Blectrons, protons and neutrons are the fundamental particles of atom. 


Earlier Concept and Greek Philosopher's Wark 
+ Eavierit was though that mater is made up of simple, indivisible particles 
4 thought that matter could be divided into smaller and 
Slip taniite Thos sasuni ould Sosmehed viet Gh ee 
sub-divided 
Democritus (460-370 B.C.) called the indivisible particles of matter as atoms. 
‘The word atom is derived form Greek word ‘tomas’ means indivisible 
‘+ The concepts of Greek Philosophers were not based on experimental proofs, 
Late 174 Century work 


+ In late 17! century, the quantitative composition of substances was studied, It 
showed that few elements are preset in many different substances. 

It was also studied. that how elements combine to form compounds and 

compounds could be broken into elements. 


» In 1808, John Dalton, an English Schoo! teacher, explained law of conservation 
pr nf con the basis of concept of atoms. He 
developed an atomictheors. 


+ According, ta main postulate of Dalton's thears. all matter is composed of atoms 
of different clement, which differ in their properties. 


ns 


College Chemie: Pore = 


Berzata Work 

«A Swedish chemist J. Berzslius (1779 ~ 1848) determined the atomic masses of 

elements. A number of his values are vey close to modem values of atomic masts 

+ Berzelus developed the system of ghing sumbals o elements 
nee for un Aton) 

+ Use of Optical Microscope: 

Ordinary optical microscope can measure the size of an object up to or sbove 500 am, 
‘Therefore, a clear and accurate image of object that i smaller than the wavelenath of vibe 
light cannot be obtained. Since atoms are much smaller than 500 nm, So, they cannot te 
seen with optical microscope. 

+ Use of Electron Microscope: 

A direct evidence of atom can be obtained by an electron 
rmiccescons. I uses a beam of electrons instead of visible light. The. 

wavelength of electrons is much shorter than visible light and is 
suitable 1 see extremely small objects. less clear picture of atoms is 
obtained by an electton microscope. 

Example: The figure shows an electton microscopic photograph of a 
piece of graphite, It has been magnified about 15 milion times. The 
bright bands inthe figure are layers of carbon atoms, 

+ Use of Xray: 

Inthe 20* century, X-ray work has shown that 

(0 the diameter of atoms are approximately 210°" -* 

(0) Masses of aloms range from 10°” to 10° 
‘+ Themasses of atoms are often expressed in atormic mass units (amu), 

1 amu =1,661%109" kg = 1.661x10 g 
+ Aull 


Moh can extet independently, Ie celled 


Th amalon parte of pure aubatoce, 


+ Thenumber of atoms in molecule i called ts atomicty 


+ Armolecule comaining one ntomn ts called » monoalamic molecule, 


nd tata molecules respectively ri 


+ Amolecule containing two or more atoms i called a polyatomic molecule. 
The polymtomle molecules containing to oF thtee atoms are calla diatomic 


| 


[L73 ) 
Examples 
‘+ Monatomic molecules: He, Ne, other noble gases 
‘+ Polyatomic molecules: Hy. CO, Oy, COy, NH ete 


{Diference between molecule of on element and compound) 

+ Moleaules of elements may contain one, two and thee same hyze of atoms. €g. He, Ch 
(0,,Pa, Se. Thete ae called homo-atomic molecules, 

+ Molecules of compounds consist of different kind of atoms. eg. HCl, NHs, H,SO, 
CiaOa. These are called hetero-tomic molecules. 


+ Molecules have bigaer size than atoms. The siz of molecule depends upon 
{) rurber of eloms In» molecule 
(ay shope of molecule 

+ Molecules containing fever number of atoms and are smell In sue ore caed 
Micromolecules. 
Examples: CO,, NH, HS04, CiHuOnete. 

+ Molecules containing lange: number of atoms and are large in site are caled 
‘Macromolecules. 
Example: Haemoplbin: Is ound in lod. I helps to cay oxygen rom lungs to al 
Parts of body. One molecule of haemoglobin is made up of about 10,000 atoms. It is 
68,000 times heavier than a hydrogen atom. 


{ons are those apecles whteh carry elther positive or negative charge, 
‘These are of two types 


fons which carry postive charge are called posites tons 
‘+ When an atom of an element loses one or more elections, postive ions are produced 


te 
+The ramovel of electrons from an atom requires ene, hence foanatin of aoa on 
‘san endothermic process, 


+ Pealve ions.are called cations, 
+ An atom may lose one, two or thiee electrons to form monopositve, dipoaitve of 
tripoaitive tons respectively. 
* The most common positive ions are formed by the metal atoms 
Examptes: 
Nat KS, Cot, 


AM Fel, Saf et. 


wi 


ona which cerry negotto chonge ar cllad nogatio foe. 

+ When a atom of an element pike up one or more electrons, negative ions my 
produced 

Bee +B | 

+The addition of one electron in an stom ususlly results in release of energy is due y 

the omection between nucleus and incoming electron. Hence formaion of unineaay | 


FO, Bre S* | 


NOTE: 


‘+ Negative ions may consist of group of atoms eg. CO,!=, Cri; %, MnOx. PO” 
SOP er, 


‘+ Postive ions containing group of stoms are rare e.g. NH,*, H,O* and carbocations in| 


‘organic chemistry etc 


‘+The cations and anions have completely diferent properties from their corresponding 
ata atm 


‘The tom formed dase to lose o gatn of electrons by a molecule le called a molecular lan 
Exacta: 


CH, CO", Ny" te 
‘Abmdence: Cotionic molecular ions are more abundant than anionic molecular ian 


Generton: Mole ons ate generated by paving blah engray slecion bea 
‘coals * Hama though 9 gon. 
Arpheation: Brenkirg of molecular ions from naturel product can give import! 
ahr sect ofthe compound 


‘ore maa ils nd 
The 4 ofthe man of one tom of cron cle | ome 
Tams 1.661 » 10°" tg = 1.661 + 10° g 


‘On carbon-12 seale, the relative atomic mass of 2C 6 12.0000 amu and that of {His 
110078 arou 


Why relative otome mars unit acale le used? 


‘Atomic masses of atoms are very small. These cannat be measured by physical 
folonce. Thus relative atomic mass unit cae s used 


cp oe 


eanens 
" 
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John Dalton thought thal all the aloms of an element were similar. However, Soddy 
‘showed that aloms of the same element may be diferent 
Definition: Atoms of the same element, having some ctomlc number but different atomic 
masses are called leotopen 

‘The phenomenon of satony was discovered by Soddy. 


Properties of leotopes 


* totanes have same numberof scons ond pict but dilerent number of quran in 
i ruc} 


“ltatones of an element have diferent physical properties dus to diferent number of 
eutrons in thei nce 


*lolapes of an element have same chemical properties because they have seme number of 
valence electrons, During chemical reactions valence electrons are involved, 


*hotopes have same postion in he pstodic able since they have samme atomic number, 


{0 Carbon has ties sotopes writen as 
having 6.7 and 8 neutrons in their nucle respectively} 
Aw Hydrogen has thie isotopes: 

{H Protum: YH Deuterum 


and expressed a8 C-12, C-13, 6-14 


3H Tetum 


Qssger hos thee sotopes, Nickle has fue isotopes, Colum has sis ixotopes, Palladium has 
‘3 Bepex Cosi has nine sotopes tn has eleven Soropes etc 


+ The natural occurrence of diferent totopes of an element is caled their relative 
‘abundance. lotopes of al the elements have their oun natural abundance, 


‘The masses and abundance of isotopes of an element can be determined by Mas: 
Soschomen, 


‘The properties of elements are mostly like that of most abundant isotope ofthat element, 


Face abon lation abundance of tatope: 
‘+ Ther are aow 280 diferent otopes ha occur in nature 
Out 290, there are about 40 radiative wotopes 


Bande: thee, about 300 unable adioacive kotopes have been produced through 
‘efi dintzration in nuclear rector. ee 


‘Bement with od atomic number almest have maximum two stable isotopes 
‘Bement with gven atomic number usually have many isotopes 

‘sotopes with mass number of four or some muti of four are more abundant 

¢a “0, "Mg. "Si, “Ca, "Fe form nearly 50% of the earth crust. 

Out of 280 natural sotcoes . 154 have even mass number and gven atomic number 
Pet Mo) 


Elements heving only ona isotope are called mono-teotople elements, 


Exumolea, 
‘Amen, Fluorine, lod 


Hydrogen "iH 99.985, 0015 
Cabon nd 36.855, 1107 
iron RN PH, 0366 
Osan a TC 
‘Salphar i 
Chlorine 5orFa TSA 
Bromine a, Sh 547 


‘Mase Spectrometry 1s an analytical method weed to measure the exact masses of 
‘ferent taotopes af en lament 


‘The Instrument used for this purpose la colfed Mass Spectrometer 
+ Initially Aston's mass spectrograph wes used to identi 


‘on the basis of their 
slomic masses 
‘= Dempster’s mass soectrometer was designed for the elements found in solid state 
Prthod] 
A typleal mass spectrometer consists of following parts 
(1 Vaportzaiton Chamber (2) Ionization Chamber (2) Analyzer 


(4) Electrometer (lon Collector) (5) Detector. Ampliier and Recorder 


The substance is first converted into vapour state. The pressure of these vapours is hept 
very low be. 10°*t0 10°? to, 


‘The vapours are then passed Into an ionization chamber. In ths {ast maving electrons 


a frown upon them. Asa rei gious aoms ace ionized and poe fons ae 
broduced. Th r 


‘hem, 


‘The analyzer separate ont on the basis of ther m/e value in two steps. 
( Accateetion of ton: Each pote fom has ts ovn as ase to cha vale. & 


a eee ew as fron) altocted tarde he nepal ae 


an Conese 


Deflection of lone: The ions are then passed through a strong magnetic field of strength 
{Fb delecs tne oa onthe boas of the mie vale. Thus fons follow cular path 


(+ By beeping ‘E constant, "H" is increased, ‘r also increases. Thus, ions of a particular 


sve value con be made to fall at different place than before. 
4+ Tecan also be done by keeping “H" constant and by changing ‘ 


‘Hence tons with same ve values are separated into beams of ions. 


hi Blectrometer (on Collector! 


In mass spectrometer, the separated beams of ions are pasted through lit one by one. 
Exch beam contains ions of spectic m/e value. These fall on an electrometer, called ion 
alesis The electrometer develops ect curent. The stenath of current for each beam 
‘ves the relative abundance of ions, 


(Gi Detector, Amplifier and Recorder 
In modem spectrographs, the ions strike the detector to generate current. The current is 

amplified and fed to the computerized recorder. 

( Comparteon with C-12: The same experiment is performed with C-12 isotope and the 

Cire mth compared Tiscompanan oe 

‘vet tha exact mass numberof wotope Probe ian wou the 


‘elatve abundance of iolopes ofan element? 


1 tan Sn hae Soro | 
| maws spectrometer the result it recorded in the form of a 
‘92ph containing peala, The relative numbers of ions are 
‘resent slong Y-axis (ordinate) and ive values of fons are 
Present along X-axis (abscissa). This is celled Mass 
Spectrum. It gives following information, 


‘the number of peaks gives the number of isotopes of an 


j= 


he 
teacpelht of Peak ives the relatve sbundance of 


‘He Poston of peak gles the mass number of isotopes. 


8.2) compe pad ah 
ereatbcepee sam" 


‘sotopes can also be separate by flowing techniques on the bass oftheir properties 
(0 gozeous diffusion (a thermal diuson (ww dstilaton 
(is ultracentrifuge (electromagnetic separation and (laser separation etc 


‘A substance is fit volalzed. It then ignited with the help of hich engray beam of 
decrons to form gaseous pasiue ions. These ions ae separated on the bass oftheir mass 
Ye). The result reconied in the form of peaks. The result a graph in 
‘hich me is plotted as abscissa) andthe relate numberof ions 28 ordinate (axis) 
‘Ths geph is called mass Secu. Its about number. mass and relative abundance of 
scopes. ela 


= 


What are the isotopes? How do you deduce the fractional etomic masses of element fom 
the relative aotople aburdances? Give tao examples inthe support of your answer? 

“The alomic masses of elmens ae uniten as average atomic masses, These Gepend 
von the number of isotopes ofan element, ther masses and thelr natural abundance, Thus, 
mat ofthe elements have racdonal atomic masses. 

Print 1) wf 
‘A sample of neon ts found to consiat of Ne, jJNeand Ne tn the percentages of 
9092%, 0.26%, 8.82% rerpectioely 


‘The average atomic mass of Nes given 25 
(2090.92) +(21x0.26)+ (228.82) _ 


Average atomic mass = AE = 20.18 


Hence the average atomic mass of neon is 20.18 amu 
‘Actually, there is no individual neon atom in the sample that has a mass of 20.18 amu. 


However, in routine work the sample of neon i considered to have average mass of 
18 am. 


bee 2] 


Stier has two important naturally occurring isotopes, "Ag and “Ag with relative 
‘sbundances 51.84% and 48.16% reapecticely. 


‘The average atomic mass of Ag is given as 


(107 81.84) «109% 48.6) «67.96 amu 


erage atomic mass = 7c 


| 


“To find the rolecular formula of» cempount following steps are taken. 
1 All the elements present in the compoind are identified. This ts called qualia, 


anal a 
2. Tianassof each elements detemuned in the compound, This is called cventin| 
3, Te mass of cach lament is used to eacuate the percentage by mass of es | 
cere 
|. 4. The peroantane i: used to determine the empirical formula of the compound, 
5. Finally molecular formulas obi ical formula and molecular mas, | 
The formula, which shows the simplest whole number ratle between atoms of a 
Brace Blane Co compound, ts called empirieal formula 
THs the number of grams ofan element present n 100g of the compound. 
Percentage from gleen amounte: The percentage ofeach clement in a compound ar} _ Empl formula of hydrogen peroxide is HO. It shows that simplest whole number 
bbe determined by following formula. | eto between H and is 1:1 


‘Simitasiy empirical formulas of glucose and benzene are CH,O and CH respectively 
| Stepe to Determine the Empirical Formula 


Mass ofthe ee 
Percentage ofan elem 
, see ‘Mass of the com, d 


(0, Determine the percentaae composition ofeach element ina substance, 
inacompourdcina, () Dds the percentage ofeach element by ts alomie mas to get number of ram 


Percentage from Formula Mass: The percentage of each eleme 


‘determined theoretically from formula mass of a compound. \ blomts {moles 
(Iw) Divide the moles of each element by the smalles! number of meles to get atemic 
ercentage of an elerent alos 
tw) If atomic ratios are not in simple whole number, then multiply with a small suitable 
‘umber to get whole number ratio. 
Team “Thus empl fomula obtained 
8.657 g of a compoundy were decomposed into its element and gave 5.217 9 Ldaeatte Pieteeutin Formate 
13620 of hydrogen, 2476 9 of onpen. Colculote the percentage composion 
_, ‘compound under atuty, ‘The formule, which shoene the axict number of atome of ecch element praseat in one 
i tcc ¢fa compound, eclled aleculer formu. 
Solute its based on an actual moecle 
| + Mass ofthe given compound = 86573 ioe 
MassofC = 52179 Molecular Gensene ad gicos ae 
Penetareee cular formulas of Benzene and gucos are C.Ha8 CHOg respectively 


Mass of O = 2,478q 


ula may be the muliple of empirical formula, For many compounds 
“+ Percentage ofthe elements can be calculated by the formula 


‘Exomplag: Empitical formulss of berzene and glucose ave CH and! CH,O respectively 
However, their molecular formulas are Calls and CyHys04 respectively, 

This relationship canbe expressed os 

; Molecular formula = n (empirical formula) 


(calla Chau Pac = 
‘where, ‘nan integer and is value is 1 


es 
s ! Jt le : 


ee 
{iy The compounds may have same erica and molecules formulas | Citable “onalate, the: iar Gabe onda ita phasing in “meta 
Examples: Nts, HyO, COp, CrtasOus ele. For such compounds value of ‘nis ur, perchlorate (Me(ClO),) 
|. the 50% 
Diterence between Empirical ond Molecular Formule 


Mutcentor Formule 
We shows exact number of atoms of) | 
each element present in one molecule 


“The increase in masses of these absorbers gives the masses of H,O and COs produced. 


(Other absorbers can be used lor other products of combustion, 
Ie shows the simplest whole number 


ratio between ators of a compound. 


i ° 

Sra compound + Formulas for calculations: For 2 compound containing C, H & O only the formulas for 
Boik Tone and covelen! compounds IM tonic compounds do nol fave petcenlages are 

have empincal formula molecular formula. ‘| massofCQ, 12 

itis based on formula nit which ray fl Its based on an actual moleaik UC yopeaccanpoand “ae 

‘ormay no xi independant ‘whlch ex independent 


Wie obtained from percentage 
composition of elements 
‘compound. 


ts oblained from empirical formula 
bby using the relationship. 


nm ( empl! of = —_ as of HO 2016 


2.016 , 
‘mass of orgenic compound 1B a 


Fxamples: 


Molecule formulae of oleose an % oforygen 


Eames: 
Empincal formulae of glucote and 


benzene are CH,O and CH 
respectively 


100 — | % of carbon + % of hydrogen) 


Example 35 


ICMPIRICAL FORMULA FR 


fAncorbie eld stamin €) contain 40.92% corbon, 458% hydrogen 


‘Otpien by mass, Whot le the empirtesl formula of the aacorble acid? 
BIEUSTION ANALYS! 


if 58.5% of 


Cafes Bnd 2010 Maton ar 007, Kahl Bad 2011) 
‘Setetons 

It te an experimental procedure by which omounts of vartous elements present in 
sieen mount oe compound are deteraed by burg. 

‘rgerc compounds containing only C,H and are analyaedl by combustion ana 40s 
+ Aweihed quantiy ofthe isl? n | ase | 3 

A wd uaiy ol he compound is red na combustion tube The con ime 
‘+ Onygen s supplied to burn the compound. e o | seo | #5-301 lf 
+ Hudioamn and catbon contre in the 8 

tha the compound are converted 10 Hi0 

CAH nsamle +0, 


Mutiply atomic ratio by 3 to get values in simple whole numbers, 
cope ily atorne ratio by 


‘ate tena end is] Baecercey | 
CHO = AVI ARAS 


“Ths the empincal formula for ascorbic acid is EHO}, i 
— 
cz 
[A congle of Iegutd containing corbon, hydrogen and axyzen only wos subjected 1 
‘combustion analysts, 0.5489 9 of the compound gave 1.039 3 of COr, 0.6969 9 of H,0, 
Derermine the empirical formate ofthe compound. 

‘Sehaten 
Mass of organic compound = 0.54993 | 
Mast of CO, = 1.0999 
‘Mass of HO = 0.63699 | 


Thus Percentage of C 


2 
"100 = 52.10% i 


016 
po*100 = 18.12% | 


Percentage of = 100~(52.11 + 13.11) = 34.78% } 


Percentage of H 


c | 5210 


H | i312 


0 | a478 


» Thus the empirical formula forthe organic compound is [&]H,O) Ld 


Example 5: The combustion analysla of en organic compound ahawe Wto contain 65.44% 


carbon, 550% hydrogen and 29.06% of ‘Me 
co" Seats ‘oxpgen. What ts the empirical formula of 
Sn learns of coon 1018 St te eee 


{6 Khon Boat, 2010: Fatltad nt 
Rowan Boos 210 BOT ont oo FOLK: Guana Board, 2005, 2007: Mulan Boor 2 


| ee 


(oltre Chemis Part = ‘ieee 


Solution: 


65.44 


H | S50 


0° | 2906 


“Thus the empirical formula is C3H,0. 
Todetermine the molecular formula, fist calculate the empirical formula mass 
Empirical formula mass of CHO =12x3+ 1.008%3+16x1=55,05 g mol" 
Molecular (or molar) mass ofthe compound = 110.15 g mal"! 
molecular mass of compound __ 110.15 
7 empirical formula mass of compound 55.05 — 
Thus Molecularfermula =n ( empirical foomula 
2(C,H,0) 


= GEO) e 


Exerciee 9: 

Define the following terms and give three example of each. 

(W'Gram atom (i) Gram moleculor mass (i) Gram formula (iv) Gram ton 
Mote 


The atomnte mass, molecular mass, formula mess or fonle mass of the substance 
Spreesed in gram le called o mole of the substance. 


Number of moles - GWe0Moss (in grams) 


lar mass 
Examples: 
Element: 1 male of eaibon 
Molecular compound: 1 moe of water 
lente compound: 1 mole of NaCl 
onl species 1 mole ion of OH" = 17g 


For each typeof substance mole can be defined as 


‘Cotieme Chemin, Part = 
EES 

‘Tha atomic mase of on clement expreased in grams le 
‘gram mole or simply 2 mola of thot element, 

Formate: 


| 
called one gram stom | 


Number of gram ctoms _ Mas of element in groms | 
‘or moles of an element “Atomic mass of an element 

Exomples: 

1 gram atom of hydrogen = 1,008g 


= 12.0009 | 
1 gram atom of Magnesiam= 24.9 t 
{gram atom of Uranhum = 238g 


So, 1 atom of Mig is two times heavier than ane atom of carbon. 


‘The molecular move of 2 eubetance expressed in grams ts called one gram molest, 
‘or one gram mols or simply a mole of that nubstance. 
Formula: 


Number of gram molecules or __ Mass of molecular substance in grams 


‘motes ofa molecular substance ~ Molecular mass of a molecular substance 
Examples: 


1 gram molecule of water = 18.9 
1 gram molecule of H;SO, = 98.4 
1 gram molecule of sucrose= 342 g 


Tha formula mee of on fonte compound expressed in grams ts callad on@ 


formula or one gram mole or simply @ mote of tht mubsioncs, 


Number of gram formulas or 
‘moles of an lonic substance ™ Mow af fone, 


camps: 
1 gram formula of NaCl = 585g 
1 gram formula of AgNO, = 170 g 
1 gram formula cf NajCOy~ 106 g 


nce n grams 
Formula mas of antonte substance 


ay ee me cer 


‘Colom Chait Pan = Baek Consents | 
NOTE: fonte compounds do not have moleculor mass 


‘Since fonic compounds do not exst in molecular form, therefore, term molecular mass 


1k not used for them. In lonic compounds the sum of atomic masses of individual ions 
ives the formula mass 


lonle moss of an lonle species expressed In grams ta colled one gram lon or one 
gram mole or simply & mold ofthat ton 


Formula: 


‘Number of ara law ot "Mow of lovke peti in rors 
moles ofan lonl species ~ Formule mass of anionte specie 


1 gram ion of $0,**= 96 9 


Exemple 6: 
Cofculate the gram atoine (motes) in 
(@) 0.1 g of sodium, 

2.0.4 ky ofelicon. 

‘Solution: 

{01.0.1 aofsodium 

= 


Number of gram atoms «Sven. mest (in srams) 


‘Molar mass 


Mass ofsodium = 0.19 
Molarmass ofsodium = 23.gmol-* 
4 on 


NunberofgrametmsctNe = 220.0083 moles» Gaetan] @ 
{21.0.1 ko of Siltcon, 


Mass of sileon = 0.1 kg = 0.1 x 1000g = 100g 


a ers oe 


= Sckmemy | liens = boric conse 
Trompe 7 
Celeutats the mase of 10° moles of MaSO« + One mole water (HO) = 18 g = 6.02 « 10% molecules. 
‘Solution } Thus, one mole of water contains 2%6.02%10% atoms of hydrogen and 6.02%108 
“+ Molarmass of MgSO, = 24x1 + 32 x 1+ 16x4=120¢/ mol i atoms of oxygen, 
Moles of MgSO, = 10-* moles | 6 Onemole of #80, = 98 = 6.02 « 10% molecules 
stance = SME mas rms) ‘Thus one mole of HS0, contains 2*6.02x10* atoms of hydrogen, 6.024108 atoms 
“+ Number of motes of Iooie 9 ‘Molar mass of sulphur and 4x6.02*10% atoms of oxygen. 
<1 Gen mas (ngs) 
he ay 120 Example 2: 
Mass = 120 x 10°* [0.32.9] e ‘Same substances ionize in water. Their number of positive and negative ions can 
be calculated. 
Tearae 09 


Define the following terms and give three example of each 


1 ls the number of particles (atoms, fons, molecules, formula units} present in one 


mole ofa substance. 
Itevalue is 6.02 x 10° 
Wis denoted by Ny 
Examples: 
12gofC = 6.02 « 10 atomsofC 
1.008 gof H = 6.02 x 10" atoms of H 
Bg of HO = 6.02 x 10 molecules of H,0 
58.5 g of NaCl = 6.0210 formula units of Nat 


Amole of © 
A mole of H 


One mote of diferent substances has diferent masses but some number of particles. 
is because 


(dividual oarticles of diferent substances have different masses, therefore 
qual number of moles of diferent substances wil also have diferent masees bul same 


‘numberof particles. 


fame number of aloms, Na must be taken 23 limes greater in mass then hydrogen. 
* Similarly, Mg atom is twice heavier than C. Thus, 
‘number of aioms, 
‘ormulas to cafeulats the number of pertices 
Number of atom 


lons or molecules canbe calculated by using flowing formas 

"Number of storm of an element » és tthe lament 

umber mle os compound = to compound 
‘ ofdar ee 

[Number of ons of an one specie « of heton 
‘one ma 


Ne 


Ne 


(vl) Avogaciro's number ‘2? 


fn alom of sodium is 23 times heavier than one atom of hydrogen, Thus in order to hav? 


10a of Ma and § 9 of C have san 


Let 9.8 g of H,$0, has been dissolved in water. 

Number of moles af HaS0, = 9.8 / 985 = 0.1 moles of HaSO, 
H,80, ionizes in water completely 
H.S0, = 2H" +80, 

Since, 1 mole of H.SO, gives 2 moles of H* ions, 1 mole of SO," ions, 2 moles of positive 
‘charges (two H* ions, since each H ion has one positive charge) and 2 moles of negative 
charges (one S0,* ions, since each SO,* has two negative charges) 

So, 


(0.1 méle of 1450, gives 0.2 males of H” ions, 0.1» 


mole af $0)" ions, 0.2 moles af 
(positive charges and 0.2 moles of negative _ 


‘Thus, Number of positive ions (H* ions) 


0.2%6.02%10"3 ions 
‘Number of negative fons (80, ions) 


=0.1%6.02x10%3 ions, 


So, Total positive charges = 0.2x6.02"10% 
‘Total negative charges = 0.2x6.02«10%, 


‘Total mass of H ions 


0.2%2.008)8 
‘Total mass of SOy* ions 


(0-1 « 968 


Bramples : 
How many molecules of water are therein 10.09 ef ice? Alao cateutate the number 
@f atoms ef hydrogen and oxypen separately, the tat mumber of atoms and the 


avalent bonds present in the sample. (Gijronala Board, 2010. 
Lahore hoard, 2013) 


‘cata min Pt = at Canin 
‘tee Chemin Ee = (ek oceaie 

1 Neat ee (water) = 10a |. sVumbec uf aslive nd neetve Jonain care somata deecloloninseter 

Molar pase toate = 18a tol 4 Ha'Oq tones in water a flee 

{Gooey Maan go) \ HPO, —* Ht + POY 
+ Namo teal ater = olan NS Foy Accontng Wo the balanced equation 
molecule of HyPOqpreices Hone = 3 
esa often wae = Mo B  =| 9.8410" mote) ° molerei Gf War Osprecuces HU fond. “= & 


6.14 + 10" molecules produce H* fone = 3+ 6.14» 10 


. 1 erotecute of wonter contains Maton = 2 | ° 
2.04 10 yolecstes af water contain H atone = 2 Ss 10" + According to the balanced equation: 
16,08 «10 atone) eo! T molecule of HyPO, produces PO! tons 1 
. J onoteeule ol water containn O atame = 1 6.14 « 10" molecules produce PO." lons= 1 «6.14 10 
14 10 odecules of water contain O atone = 1946 10" atone [6,14 « 10" tone ° 
Total raimloar of ato Hand = 6686 104 94 «10 (el Monsen of Individwal tone 
=(kO.08 «LOM a © 4 Since Number of ona» baa of the ton 
se foto water cont pnt valent horla= 2 iene a oft ton 
$8.94 «10 lacus ol wale coninin = 2 480 10M Thur Numnberat rane MMOLE 8 ay, FESR TG) 
68 «10 covalent bande] O Janie mans of 1 
siege = Mate ot bel or ‘ 
— Laas ia” = £60210" 
Hwee 1 1.008 Ww 
18 4 1P0, he Boe edn ssn of tr anaemia vn a wn M21 rm 
(a) Mamber of moron 10.0 4 9 WMO. 


Maas of the 1 Jone =[0,308 
(6) Member af positive and negotive lone In case af complete diesels a 


° 
(ihe mentor of W fame MP wa HYPO ‘rin : 
(2) Masons of ndtv fave, 2 tn Namnberof pag? tone = Mase oltherOa’ tone yy 
: Number pesiv and nage hangs daperoed in the eon, Tore rien PO? tone 
onion: og Maw ob theprOq” tr 
pe aie dik: oeto" © POA" ce yoH 
: Maw of HMO = 1 
Molar maa at HQPO, = 24 310 4 = Of g/mol 
+ Nir nian» ANA iain gra ° 
Molaro Na 


(dl Number uf nusitive and nective churees dlawereed in the mulation 
‘Number of meterie of 14,00, « 19 »Tmoleete of PO, motives ive charger 8 
PO get” 114 6 108 iyelecalo of GPOQ il aioe = 14s 
[L848 = 10" penn chonme 
+ Siove Numbers of pute an nevative charge a aay ei 


= 0014» 10" 


POVNET TS oe 


Reece enrred #10 (273K) and 1am, These codons a ead 
ascandadenperte and peste (ST) 


ae eli ini i te il fac. in in 


The volume occupied by one mole af an Idecl gas at standard temperature end 
pressure (5..P,) ta called molar volume and ie equal £9 22.424 di 


‘The molar volume for real gases used or ealeulations also 22.414 dn? 


One mole of amy gas contains constant. number ‘This umber i called 
j Avoaadi's number Is value is 6 02 » 108 
Examples 
{mole ol Hy = 602%10" molecules of Hy = 2016 got Hy= 22.414 dm? of Heat STP. 
Amol of CH, 


6.0210" mokcules of CH = 16 got Ci 


2218 deol Chi at STP. 
Imole ol 0, =6.02x10" molecules of, = 32 got Oy 


= 22.414 deol 0, 1S.TP. 


‘22414 dot of each gaa hos different masses but some number oj rtoleculee, 
ni because 


lass Ghent: Pett = nt Consate 
= Given mass ingrams) 
Since Number of motes = Stenmastinar 
on 
ids Molar mass 
eR eerie 
Molar mass = 07 = [Sa gion e 
Exercloo 09: } : 5 


Define the folowing terms and give three example of each 
Exerelse: 9.23. (o) 

Whot is stoichiometery? Give its assumptions. Mention two important laws, which help to 
perform the stoichiometric calculations. 


{uii/Stoichiomety 


‘The branch of chemistry which deala with che study of relationship between 


the quantities of reactants and products os gloen by bolanced chemical equation ts called. 
stoteMometry. 


Esta rionciric Assumpcionsl 
‘The stoichiometric calculations are based on allowing assumptions. 
( Reactants are completely converted into products 


cules has no effect on volume of ass, In gases (0) No side ceaetion occu 
molecules ere widely separated fom one another and have lame empiy spaces, The 
es mat ies_of the Slameter of th For calculations, the law of conservation of mass and the law of definite proportions are 
aoe obeyed. 
Law of Conservation of oss 
Aint tae lp tect % “ — 

- on 2 container having volume 500 om? at STP. can net ted nor fu 
baceomee nto 00 fg Wha i ig le (entean nether beret or detroped ura a hemlet reaction, 
are ‘an also be stated as 

Total mass of reactants ls equel to the totsl moes of produces, 
+ Volume ofan ideal gas at STP = S00em* af a equel tothe totat moss of p 


Mass of ideal gee = 0.72 
Molar mass of ges, = ? 


7244 dn? or 22814 om ofthe eal gas a1 $7 P = 1 mole 


S00cm¥ ofthe dea great Sp = +500 
22414 
= 00228 mote 


Thus total number of atoms enter 


ring Into a chemical reaction is equal to the total number 
‘of atoms in the products 


——_ 


=n eae 


‘With the help of mass of given substance, mass of another substance can be calculated. 
Moss Male Relationship 

‘With the help of mass of one substance, molas of other substance can be calculated and 
Mas. Volume Relattonshio 

‘With the help of mass of one substance volume of the other substance can be calculated 
‘and vice versa, 
‘Mole-Mole Relauonship 


With the help of moles of a given substance, moles of another substance ean be 
calculate. 


‘Adsantoge 
Consider the reaction 
C#O, + Cy 


‘This equation tls that 1 mole of C, reacts with 1 mole of Os give one mole of CO,. Thus 


‘his equation can be used to study quantitative relationship between reactants and products 
i ‘Umitstons 
Chemical equations have certain limitations. 
{ These cannot tell about the conditions of reactions 
(1) These cannot tell abou! the rate of reactions. 
(tH) These cannot tll about the time to complate the reaction. 
i (0) These can also be writen for such rections, which are not posable. 


‘This equation tells that 1 mole of C reacts with 1 mole of Oy. So, C to Ox mole ratio is 1:1 
‘Any amount whichis according o this ratio wil be stichiometic amount. e.g. (123 C and 
‘32g 03), (24g C and 64g O,) and (483 C and 128g O,) areal stoichiometric amounts. 


Example? 

Catealate the nimber of grams of K,SO, end water produced when 14 g of KOH ore 
reacted wlth exces of H,S0,. Also calculote the ramber of molecules of water 
produced. 


(01S. Kan Bord 2011: Lahore Board, 2011: Mutan Bout 2010: Sergodha Beord. 2010) 


Solution 
“+ The balanced chemical equation forthe chemical reaction is 
2KOH +H.SO, —> K4S0, + 24,0 
“+ Given Mass of KOH = 14g 
Molar mass of KOH = 39 + 16 +1 = 56 g/mol 
Moles of KOH = #4 


25moles 


56 
“> According to balanced chemical equation 
‘Compare the moles of KOH and K,SO, 
KOH: SO, 
2moles : mole 


Therefore 


25m; 18025 «0105 oie 


No. of moles of K4S0, produced = 0.125 moles 
Moler massofSO, = 2x 99432 +4 x16 
=1749/ mol 


‘Thus Mass of SO, produced = No. of moles x Molar mass 
0125174 


[rEcr) ° 


cnc ad = pore 
+ For Hy, compere KOH and H,0 according to the balanced equation 

KOH + HO 

Dm: 2 


240.25 
24025 925 moles 
Terelore 025 moles: 2° 


= 0.25 moles 
So, the number f moles of water produced = 0.25 
"Thus Mase of HO produced = No. of moles x Molar mass 


=025 » 18=(45g) e 


_ Given mass{in grams), 
+ Simca Number of molecules = Serene IAEA). ig 


‘Therelore Number of water molecules 


27 gol HCl are present in HO) solution = 1009 
438 g are present in HCI solution 


= 162025 
++ Density of HC solution= 1.14 giemt 
Mass of HCl solution = 16224 g 
Since d= 
on = [1403 cm) e 


Exercise Q23 (b): y 


Wha is iting reaciani? How does it control the quantity of the product formed? Explain 
uth three exaraples, 


Trompe Th 
Mg mata reaciewhib HCI to gle hydrogen gar. What 1 the elnimien volume of HC) 
tehatlon 7% by weight rgured to produce 12. 
Eidigoof tate Boo, 2007 2010) 
aon 
The balanced chara equation forthe chemical rections 
Mg + 2HCl —=* MgCl + Hy : 
+ Ma of Hy produced = 12.19 \ 
Molermamof Hi = 2016g/ol 


1a 
Moles of Hy = 224. 6m 
Has 75g" motee 


> Compare Hy and HCl according to balance equation. 


He HEL 
Imole : 2 
Therefore moles : 6x 2= 12moles 
Hence Mass of HCI = Moles of HCl x Molar masa of HCI 
= 12365 


= 438g 
~ Since solution of HCl is 27% by weight, therelore 


Of Hy The density of HCI solutes 9 The 


Depinteion: 


(0) Tha reactant which consumes fret in the chemical reaction ls called limiting reactont 


reactant which controle the amount of product formed during @ chemical reaction le 
lad Sing reactant. 


(W0'The reactant, which gices east amount of product, le the limiting reactont. 
Explanation: 

When the reactants are not mixed in stoichiometric amounts, one of the reactants is 
consumed earlier. This ts he limiting reactant. Other reactants are tefl unreacted. 


‘Whan the limiting reactant is consumed, then reaction stops and further product cannot be 
Produced. Thus, it contrls the amount of product and gives the least amount of product. 


ample 1: 
2H, +0, —* 24,0 

When 2 moles of hydrogen (4g) reacts with 2 moles of oxygen (64g), then only 2 moles 
(960) of water are produced. I is because, 2 moles (4g) of hydrogen react with 1 mole (32a) 
lonygen, Sine, less hydrogen i present than exygen, so Fycrogen isthe limiting reactant 
Example 2: 
ing of coal occurs in excess of oxygen, In this coal i the limiting reactant while oxygen 

exces, 
Example 3: 
Rustin 


9 of iron occurs in excess of oxygen present in ar. In this, iron i the limiting reactant 


‘hile rygen isin excess 


1 ~- : 


(ate oem = At ay cy ont Pat = 
‘Aaplication of Delibarete use of Limiting reectent \ Given Mass of CafOH), = 1009 
nample 11 To completely consume the axpensi reorient ass Molar mass of Ca(OH}, = 40+2(16+1)=749 
renclants are tnkan tn large excess than expansive renctnnts It ensures thy 100 
ee et a und up nthe cama eecton, 30 bone, Number moles of ColOH = 220 = 1.5 mck 
Tilting vee 
Enum To opened up the rection 
Trae ofyencton le duecty proportional to the amounts of reactants, So, a large quam, -> Compare NH,Cl and NH according to balanced chemical equation. 
of cna reactant may speed up the reaction, eg. 8 large quantity of oxygen bums th NHCl oo: NHy 
doe eee "eaygen'a ek behind ol the end of reecdon and buring hing tess) Ete 
ood re the ning ects | 
boa the liiting Therefore Lermole: 241.87-1.87moe 
| Compare Ca(OH, and NH, according ta balanced chemical equation 
Te amount of product formed by chemical reaction ls clculted from the ints aio te 
ad ‘reactant, therefore, Identification of limiting reactant Is necessary. ee a Cd 
Fallowing procedure ued for thi Therefore 1.35 mles:, 21.35 = 2.70 moles 
(0 Number of moles ofeach reactant is cakclated from gven masses. 
{0 Using balanced chemical equation, amount of product, expected to form, from + Since NH,Cl produces feast amount of NH, hence NHC the limiting reactant. 
react scat “Thus no, of moles of Ny produced=1.87 males 
(The rectnt, which gives least amount of product the king eoctant Waa nena ice iesivaci ued 
Hence Arnount of NF prodaced = No of molesx Molar Mas of NH 
a 187%17 
1, gos om be propered by hating sopater to sollde NHC end CafOH Ue nist 
Tie gece eld shee then 
(ad Celoulate the number of grams of NH, produce: (©) Amount of reagent left unreacted. 
(b) Calculate the excese amount of reagent left unreacted. > Compare NH,CI and Ca(OH): to balanced chemical equation. 
Fanib Boor 2010: Curanals Bord £011 Mun Board, 2019: Sarg Board, 2011.8 besieging ty se 
‘The blanced char rete 
— * ical eqution forthe chemical reaction i ers 
‘ 2NHCI + Ca(OH), == —> CaCh + 2NH, + 2H,O TAL mole 2 = 0988 
(0 Mamber of rome of NI, prodeced. 
ot" eer epee sa + Moles of CofOHth taken = 135 moles 
Molec mass of NHC 


= 1441144355 = 5359/ mol Therefore unreacted moles = 135-0935 = 0.415 moles 
‘Number of moles of NH,CI = 2 = L87moles Molar Mass of Ca(OH), = 74 g/mol 


Thus Massof CalOH)glet = 0415 x 74 = (30709) 


we 


ate Conc, } 


\Collsee Chama: Pert 
———_— 


Exeraine 09: 
Define the following terms and give three example of each. {vliPercentage vies * fi 


Exerciee Q26.(0): 
Define yield. How do we calculate the yield of a chemical reaction? 


‘The amount of product formed during @ chenea! reactton ts catted Yi 


cree 


‘The amount of product coleulated from belanced chemical equation te caleg 
theoretical yleld 


Itis the maximum yield of product thal can be produced by a given amount of reac 
‘according to balanced chemical equetion. 


Example: 
Hi & Og react together as 
2H, +O, —* 2H,0 
According to this equation 2 moles of Hy & 1 mole of Og should form 2 moles of #0. 
‘Therefore, 2 moles of H,O isthe theoretical yield, 


The amount of product actually abtoined during « chemical reaction ls called Atul 
tel, 


Yield = 


Exerclee Q24 (oh; 


What oe the factor, which are mestly responsible forthe low yield of products in chert 
: iy responsible for the low yield of produ 


‘Actual yield of» chemical reaction & always es than its theoratical id. 

The reaons are 

(0 Inexperence worker wastes  sgnticant amount of product. 

(09 By product may be formed due to side reactions, 

(ta The reversible reactions are never completed, 

(to) Product & lost during thet separation and purification processes. e9. process 


fitraton, dition, =f a. 
eaten, detiltin, separation by separating funnel, washing, drying and cys 


Color Cham: Part = 
Difference between Actual Yield and Theoretical Yield 


Thenectical Viekd 
It is the amount of a product 
‘calculated from a balanced chemical 
‘equation 


Ite the amount of a produet actually 
obtained during a chemical reaction, 


| aaa Tess than the theoretical FP ic alwaye greater than actual veld. 

While calculating theoretical yield, itis 

assumed that 

(No side reaction occurs 

(i) Reactants are completely converted 
into product 

Therefore, it ls not decreased 


[No mechanical losses occur, since its 
calculated theoretically 


Reversible nature of the reaction and 
side reactions decreases the actual 
viel, 


Toss of product during separation, 
ppusfcation and by inexperience 
worker decreases the yield. 


Ris an experimental tem, 


risa theoretical term 


Example 14: 

When Mime stone (CaCO) la roasted, quickie (CeO) 12 produced according to the 
{following equation. The actual yietd of CaO te 2.5 kg, when 4.5 kg of lime atone le 
‘roasted. What ls the percentage yield of thie reaction? 


(Fabulaiod Boars, 2015: Mutan Boor 20107 Rowalpnal Boer, 2013) 


Solution: 
+ Thebalanced chemical equation fo the chemical reaction is 
CaCO, —* CaO + C0, 


> Mass oflime stone = 4.5kg = 45009 
Molar mass of CaCO, = 100 g/mol 
Moles of CaCO, “= 4500/ 100 = 45 moles 


> Maes of quicklime produced = 2.5hg = 2500g (octual ylatd) 


> According to the balanced chemical equation 


‘Compare the molas of CaCO, and CaO 
CsC0, : C20 
1 mole A mole 


Therefore 4Smoles : 1 45 = 45 moles 


Catia vane, Part = 
Molar mass of Ca) = 404 16=56 gimol 
Th 


Maas of CaO produced 


+ Mence Theoretic yield of CxO = 2820g 
‘ctu yield of CAO = 25009 


“te viek! is given by 
- BR 100 
(335) 


Anke Conctg 


aes 


calles Chet Pant = 


Q.1. Select the mout suitable onawer from tha given ones in each question 
(i) leotopes difter ta 

(a) properties which depend upon mass 

(6) arrangement of electrons in orbital 

{€) chemkeal properties 

() the extent to which they may be alfected in electromagnetic field 
(Fett ord 200, 2112.0. Khan Bean 20% Ftd Bort 01:6. Khan Board 2012) 


(W) Which of the following statement Is not true? (Lahore beer, 2013) 
(a) Isotopes with even atomic mast are comparatively abundant 
(b) Isotopes with odd atomic masses are comparatively abundant 
(@) Isotopes with even atomic masses and even atomic numbers are comparatively 
‘burden. 
(a) botopes with even atomic masses and odd atomic numbers are comparatively 
sbundant 
(W) Many elements have fractional atorale masses, this e because 
(a) the mass ofthe atom sitll fractional 
(b} atomic masses are average masses of isobars 
(6) atomic masses are average masses of isotopes 
(@) atamic masses are average masses of topes proportional to thelr relative abundance. 
(G0) The mase of one mole of electrons le 
(@) 1.008mg_(b) 0.55mg _(c) 0.184mg_(d) 1.673mg 
(Fb Bor 207, 2008: Mut Bor 201, 2012 Sate Ho 20, ZO: Gurr Bou 2040 2012 


© 27 9otA tl ct compli th mach mae of Os rede ALO, 

(a) Bgolongen (| got ongen fc) S0ncfomgen (a) Deo 
rt acd oO ETE 9 in HE Se ws ae 
(1) Toe numberof moles of CO, which conta @ of oxygen 

025 050 1 (a) 1S 
(nd Yo, 07 Gn be 2, FN Han ok 21) 

(st) The argent mumiber of molecules prevent in 

() 3601HO ()ABgTCAROM (c) 2890100 (4) S.Ago1NO, 
Sn SS, 9 Ku Ba 0 Soe Bor 01, S12 Rend Bort Nesp Dek 
Bienen ai Lore Bock 
(i) One mola of $0, contatne 

(2)6.02%10" aloms of oxygen {018110 molecules of $0, 

1216.02 » 10" atoms of phur (8) 4g tom of SO, 
er er 208: St Bar 2p Bot Min Berd 8 
0) The volume occupa by 1.49 of Ny at STP te 

(22d by 22d fel LAedn*(€) 112em* 
(Cerne bond, 2014, Saye Bord, ah Ber 0 


ohana = 
limiting eaten the one which 

al {a} is tun In lesver quantity in grams as compared to abe area 
ee ours quray vane momar oh et 
On etc amount fe prt whch segue 
a unt fhe punt eatin 


cron bard 200% Mun eo 200; Baur Bad 200) 


Moen acon 
110g 


1 eras oe 


abe tot 
since a= 10h ror 
Mn tl econ = 85 x 10" ha 1 


[32g one pamela COy = te 


[Gow moto 50, conan 
ene mle tua om, 
‘Foo mln tpg 
ha Ne af dp bea. 02 x10 on 
Ne. ot Onpen omen 60210" 


prod cade rng react 

melo Nat 8. cca vol = 24 

ottrole NaS TP exc wind 4160005 
Dan 


6 stern hx mamrn9,108" 02K 


TS 


[he macnn whch quer minima aout 


we 


Jacciney | 


‘Sale Chee: Pett 


Qe. 


Fi 
i) 
a 
wy 
i) 


w 
w) 


jw 
(om) 


= 
In the blanks 
‘The unit of relative atomle mass s expressed in 
‘The exact masses of isotopes can be determined by 
‘The phenomenon of isotopy was fist discovered by 
Empirical formula can be determined by combustion analysis for those 
compounds which have and ___in them. 
4 limiting reagent is that which controls the quantities of __ 
1 mole of glucose has__atoms of carbon, _of oxygen and_ of 
hydrogen. 
4gof CH, at O°C and 1 atm pressure has _ molecules of CH, 
Stoichiometric caleulaions can be performed only when Is obeyed. 


Arment 


w 
w 


wu 
w) 


o) 
w 


i) 


i) 


Ih) mee spectrometry 
GONG TZN, ON, 


the true or falne ne the 
"Neon has three Isotopes and the fourth one with atomic mass 20.18 amu. 
Empirical formula gives the information about the total number of atoms 
present in the molecule. 

During combustion analysis Mg(CIO,), is employed to absorb water vapours, 
Molecular formula isthe integral multiple of empirical formula and the Integral 
‘multiple can never be unly. 

‘The number of atoms in 1.79y of gold and 0.023g of sodium are equal 

The number of electrons in the molecules of CO and Ny are 14 each, to 1 
img of each gas will have same numberof electrons. 

‘Avogadro's hypothesis is applicable to all types of gates ie. kdeal and non: 
ideal 

‘Actual yield ofa chemical reaction may be greater than the theoretical yield 


(i Fae 
(si Tew 


‘96, What are tons? under what conditions are they produced? 
Tone are those species whieh carry eliherpodlive or negate charge 
These may be produced 


CO) 


passing hich energy electron beam, a-particles or X-rays 


through a ges. 


i \\s iii eee Be 


= (Baek Conc 


eg. Nas Natte 

{() Negative ions are produced by the addition of an electron to a neutral species 
eg. Cte Cr 

(4p By taniznion ofan ionic compound in water. 
eg. NaCl = Nat +Cr 


peel eee ee 
Sa) What we the llopea? Wow do pow deduce the Foctonal onie maser 
Sons the rales estopleshumdancer? Give exo examptes I the upper ef 
pon macer? 

Sched on Page 


Wy) How does « mass spectrograph ahow the relate abundance of Teotopes of a 
lement 


‘Solved on Page 12 


72) What ta the Justification of tise wirong peaks in the mass spectrum of bromine, hile 
Jodine only one peak at 127 a.m. is lndleated? 

= Bromine hes two naturally occurring lotopes with almost equal relative abundance, 
therefore Is mass spectrum shows two strong peaks. 

+ While iodine has only one naturally occuring isotope, therefore, tts spectrum shows only 
cone peal. 


(G9. Define the folowing terme and give three exarsple of each, 
(i) Gramm atorn: Solved on page 20 {i Gram molecular mass: Solved on page 20 
(i) Gram formula: Solved on pore 20° [iv) Gram lon: Solved on page 2 
(v) Molar Volume: Solved on pope 26 (ui) Avogadro's number: Solved on page 22 
{vilStoichiometyy: Solved on pope 27_{viiPercentage yield: Solved on poge 34_ 


Eee 


(G Saely the folowing statement ~ 


| 


‘clic Chet: Pret 
Lit 


‘som tos Bart hat carbon 
feed 0 26 tert 007 2010, en od, 208210 
Ine atom of carbon contains 6 atom 

Die atom of carbon conan 6 ios and 6 non re hada snd a 

‘mass on atomic mass unit scale is 12 amu. =e 
Wie one tom of Macon 12 poo ac 12 nuns ins nce ed oie 


sams on atom mass unix 624 ama, Ths, 2222 2, Hence, one om of My = 


Bek Concer 


tice heavier than that of one atom of carbon, 


(0 Ta of lane wi 9g of me Fe vas nb of wala Bt 
‘nef oe ‘cans ant Ls tae See band 
acl gion = eae 
Mage =I noe 
Tl of ech compound colin Ata: number of melcle Hence, 180 o 
ce {I me) snd S829 fos) ef mae conn eg runbut' nese 
ie, 6.02x10% ii pakkigs 
Siee one melee gs (CHO. cota 24 sos Wheres, one mole 


suerote {CrsHOy) contains 45 atoms, therefore, equal number of molecules of ghicose 
and sucrose wll have diferent mimber of atoms. 


(@ 4.94 of H,50, when completely lorieed in water have equal number Of posiios and 
negatioe charges but the number of poetiely cherge ions are tulce the number of 
negatively charge fons (are Boor, 2013) 
50, ionbes ih solution as 
HO, = 2H" + SO!- 
This balanced equation shows thal 
‘L molecule of H,S0, produces 
[Number of postvely charged ions (H" Ions) 
‘Number of negatively charged ions (S0,'°) 
Number of postive charges = 2 (due to two H’ ions) 
[Number of negative charges = 2 (due to two negative charges on SO,! 
Hence, whatever be the amount of H,SO,, it will aluays produce equal number of 
‘Poslive and negative charges but number cf pesitvely charged ions wil be twice the 
‘number of negatively charged iors. 


2 
1 


(123 gram of sodium and 288 grams of wrontum have equal number of atome in the 


Toke ofNa = Big 


1 mole of U = 238.9 
Since 1 mole ofeach element contains Avogadro's number of atomé and there i 1 mole 


of each of Na and U. Hence 23 g of Na and 238 g of U containa equal number of ators. Le 
6.0210 


1G) One mg af RETO, fas Hon tha number ef Tone than the muse of lacus when 
Jonlaed neater (Lore Bont #0102012, 2013) 
KyCia0; ionizes as 
KyCu0, : 
‘This equation shows that 1 formula unit of KxCr:O} produces two K* ions and one 
CaO} Ton in soliton Thus a toil of tree lors re produced by the fonuaton of 1 
forma unit of KC 


2K + OF 


Clim meen Pat = 
Here whanever be the amount of KxCH40,, number of Sons ins sohation wil ahs be 
eee Son te rive of frrnula unis (molecu) 


[oo pres Z CH, ond 44g of CO, oceupy separately the volume of 22.414 
ra a ag 
ts 

Tae Tear aS 
V6 gama f CH, = 1 mole = 6023 « 10 molecules 
44 gums ACD, = 1 mole = 6.023 1? molecules 

oat encom et ne din 
et ee sen Sy anc 
rors 

Se necro ani vray 30 re 
me eet a Tene md 
poche heberectag en 

STR ae EE omy me 
22414 bm? 


GES) What le wiolchiometery? Glos lis assumptions, Mention eo Important laws, 
thick help to perform the etolchlometrie calculatfons. 
‘Solved on Poge 34 


Liat eric Lemcemse 


i) Many chemical reactions taking places la cur wurvoundinng tacdloe the Wing 

‘A limiting reactant is cne which has limited quantity and conmures lit in @ chemical 
reaction, 

“There are many chemical reactions in our wsnoundings which invokve limiting reactant 

1+ Petrol bums in excess of oxygen present in nr 

«+ Rusting of iron occurs in excess of oxygen present in at 

© Bumina of ~Sal occur in excess of oxygen 

in above cases, petrol, ton and coal ate limiting reactant while onygen isin excess 

{it _ Ne indicia naom otom tn the ample ofthe element haw a ase f 20.18 emus 

{Grrl Boor. 201% Latere Boor, 2018 Mohr Bod, 2007, 2012, Sager Bord 2013) 

‘A sample of neon consiss of Ne {yNeand ZNe in the percentages of 90.92% 
(026%, 882% respectively, The average relative mass of Ne is thus calculated as 


(20. S087) +(2120.26)+ (2228.82 9p ie 


Hence 20.18 amu is the average atomic mass of neon and no individual neon atom in 
the sample that has a mass of 20.18 amu. 


average atomic mass = 


(te) One mole of H,SO, should completely react with two moles of NaOH. How dos 


Th) What io limiting reactant? How doce it control the quantity of the product formed? 
Explain with three examples. 
Solved on Poge 3 


——————— el 
Wea la) Define yield, How do wwe calculate the yleld of a chemical reaction? 
Solved on Page 34 


‘Aogado’s munaer aly to expla i Rania rt 2008, 200) 
The chemical reson of H-SO, and NOOH is 
NOH + THO, + NagSO, + 
2 forma ita 1 males neo 
EESTE Sie emnuem 6004 ecm 
ke Tnmie 


Hence 2 moles of NaOH reacts with 1 mole of H,SO, 


[H) Whar are the factors, which ore mosily responsible for the low yield of products 
chemical reaction? 


(©) One mole of FO howto moles of bond, tires males of atoms, ton moles of electrons and 
oles ofthe tte fundamental particles present tn i. 


‘Solved on Poge 35 ‘eas 
——————————————— 
‘G25. Eaplan he follontng with anon Lmolecule of H,O contain bonds = 2 


Lass of consercation of moss hes to be considered during sfolchlometrie caleulatlons 
(alba Gowd, 2007: Lave Bor, 203) 
Steihiomenic calculations are done wilh balanced chemical equations in which " 
‘assumed that matter is neither ciated nor destroyed during a chemical change. Hence I 
of conservation of mass has to be considered during stoichiometric calculations, othe" 
‘with unbalanced equations stoichiometic calculations will not be possible. 


6.0210! molecules contain bonds = 2«6.02x10 


Thus 1 mole of iO contin bonds = 2 moles 
Atoms “ 


A molecule of HO contain aroms = 3 
6.0210 molecules contain atoms = 3x6,02x10" 
Thus 1 mole of H,O contain atoms = 3 moles 


Blectrons 


11 molecule of H,O contains two H atoms and one O atom. 


Hence | mckecule ok H,0 contain elecrors = 2+8=10 
G02. 10" mekeruies contain lector = 106 02410 
Tins J mcke of FiO contain eecrrora = 10 mckes 


Total Fomdamantal Portichas 
" rlernte of HO contains tae H atoms end one O atom. 
Saree 
TO meme contain decrora®, Protons= 8 ard Mevtrora=A 
Thue 
Co mee cmt el Noro rien = B44 BOA, 
wen 
TH some contin eer 5, Prcsern | ard Nations =O 
Tue Z 
1 Hoc nts, tne oedema preci 14 14 = 
2 mene rts, ha torment cies = 4 
Hanes 
Lhe A Hf0 cre Surana paatcian = UA44~ 25 
SMa PP mah conte Sorat portcsesn Zi: 621 MP 
"Tot } ee AO corte bonds = ZB mules 


MLL Feces nr te 


| WH, ond CO has some number of slactrons, protons and neutrone “Ta find savlecater oremate oven empirical formal 
2 lie ted 2000 orator 2930, BB, Cupar Boars, 2008, 2012, 2018, 28H (raver gape sca a 
‘snd 3018: sry 2053 igaasomi 
Tin anains 1 0d 0 me rereseried 0, IN ond GO 5 
tae a ua oma mi fas me cored 
1 mlecidie A Ny conkains eectrons §=7+7=14 (7 for each NN atom) | Me Sia Mane | 
1 mora CD conning dactone =64 8214 (C=6,0~8) is My Mec on as on a 


NY caiiccnmuuiae wr pranmcunual To nds uni of psn nome, oe, acl orale wit) 

mace of CD coniaos praons =6 +8 =14 (Cm6, 0-8) | 

Pe Mo tems = 
1 mala of Ny contains neions=747 = 14 (7 foreach N tom) 
T molecule of CO contains neutrons =6+8 =14 (C=6,0=8) 


wien ete Noche nde 


“Mulor Mose may iw Meleciday once ot atornis ven of Satria age ot one mass 

[Te tad the tage ytd or atclency ol the reaction 

vais = Anal Vel 
Feet 


100 | 


Pas = ent Concerts 


GE" Siner har sfomic number 47 ond has 16 knoun Wotopes Dut only uso ogy @) Molen of stoma n 900g of MiNO, 


‘Gergeahe bora 215) 
Sera a Ag and "Ag. Glen the following mass mectrometne aay | > Mast of Ma(NO,l, = 9 
eens te oeroe tome mate fe Molar Mass of MgiNO,}, = 24+ 142416 x 6 = 148.q mol"* 
P ae Abn : 
ag 106 90809-5184 > Number of motes of MgtNO,), = Sivenmass (instars) 
wag 10890576 48.16  Nolermase 
ra eA 
Belair = Ep 20608 moles 
(106.90509 51,84) + (108.90876 x 48.16) _ 
Average otomle mass = TS + Jel of Mash conn © mks ales 
— 18 moles of )slacontain O moles m = st 
-(arareme) é MgINOatpeontain O mol 0.0608 =[0368 
| Winer of sions te 10.0579 of O50, SHO 
G7 Boron with ator numb 5 has to naturally occuring fotapes, Calla te | Mase SO, oar 
aang eer oR a fee ene A | Molar Mass of CuSO,SH,O = 635+32-+1110+16<9 = 249.5 g mol 
breath ame ee + Number of moles of of CuSO, 5H,0 ~ Given Mass 
Soha 


“+ Let % abundance of "8 =x 
Then % abundance of #B = 100-x 
Thus 


+ 1 mole of CuSO, 5H,0 contain oxygen 
«+ pve sate mas 2001294 (1.00931100-0 40a ama 1.04 moles CuSO,.5H.0 contain oxygen 
[ > mole of oxygen atoms = 6.02 x 10" atoms 
or 10,0129 + 1100.93 - 12.0093 x = 1081 0,36 moles of oxygen aloms = 0.96 x 6.02 10 atoms 
3081 - 1100.93 


19.93 


(@) Mass in Kilograms of 2.6 10" molecules of SO, 
{Fetlabed Board, 1010: Guriale Board 200: Lahore Boor, 2014) 


Number of molecules of $0, = 2.6 x 10° 


‘ Molar = 22416 x 25 64 mol" 
aa 2 ola Mass of SO, = 22416 x 2= 64g mel 
100 - 20.02 = [79.9985 jven'mas (in grams) 
(79.598 > Number of molecules of St, = Stenmess(ingrams), yy, 
| eee co 
26 « 108 
{G) Mes in grame of 874 motes of RM Wc Bowl, 011, 01m Sagotba Book 
> Molesof KMnO, = 27st 
Molar Mass of MnO, 


Bee Gang 
tee ae EL = | 
ith (eh Bore 014) (tees Chelan: Part = ene Conte 
Tae gf Shem AGH 100.816 mot 
es Mass af CH e 3 = a = 22-0816 moles 
Mes MasctGH Ch = 12X2+1X44955"2 = 99 amok | 1225 
‘Given mass (in grams) Given Mass (in grams) 
= Numberof moles of CHC, = SMERMEBESSSRS 4 Numberof{fornulaunis = SvenMassUngtems) pj, 
o.g22 a 100 co2x 
Number of moles of GH.Ch = SS5== 8308x10"*moles | = Pi xsoa0? 
1 mee of CsCl contains Cl ators = 2 moles 107 formate wit e 
° B.303x 10-* moles contain Cl atoms 2 x 8.303x10" 
{0.0166 motes] © | _GNumber of R tons C10," tone, Clatome, and O stoma in 
> Formula unit of KC1O, = 491 x 10° : 
Ti Maas in gana of 6196 moles of eleer carbonate @ 
= Moles of AgiCO, = 5.136 mol + ‘Mormula unt of KCIO, contains K* ons. = 1 
Molar Mass of AggCO, = 275.74.g mol"? 491 « 10" formula units contain K’ ions = 4.91 « 10 tong 
Given mass (in grams) > 1 formula unit of KCIO, contains ClO,” 
+ Number of moles of ‘Swen mass (ingen) fn uni of KCIO, contains CIO." ion 
nN is aD: ‘Molar mass 4.91 x 10® formula units contain ClO,” ions: 
Mass 
5186 © o7674 Es. + 1 formula unit of KCIO, contains Cl atoms = 1 
Mass = 9196 x 275.74 -(14162 9 ° 4.91 « 10" formula unis contain Cl atoms= 491» 10™ toma 
{2 Mase prame of 2.78% 10" motecalas of COLT, : ‘ormula unit of KCIO, contains O atoms = 3 
“+ Number of molecules of GO,C], = 2.78 x 10™ 4.91 x 10® formula units contain O aloms= 3%4.91 x 10% 
Molar Mass of CrO,Cl, = 52+16x2+2x35.5=155 g mol" =[1.473 10" atoms e 
+ Number of molecules of CrO,Ch, = Seni ingrame) pg, au. the arificial swestner hos a molecular formulas of C,H, 
WW ta the mass of one mole of expartarne (6, 
ok ea ‘ane mol a, 
ares = Mi 602s ‘Mass of one mole of aspartame = (1214) (1x18) +(14xa)+ (1Gx5) 
284 | ° 
2.78 x10" 155 a e & 
Mass =< 710 * > | = 
= 6026107 (6.7188 3) (©) How many moles are present in 52g of aspartame 
‘Number of moles end formela unl i 1009 KOIO, 
> Mer oiKEG, = tg Number of moles = SivenMass (in grams) 
Molar Mass OfKCIO, = 39+35.5+16x3=122.5 g mol"! 
+ Number of moles of KIO, = SivenMass in grams) * 
Molar 


mass 


ate Shc Pad = ak cn 
Z leas Shani East = ane Sacete 
Wha mame n grams of 10-122 moles of emportar Cae ; 
moles of = 10.122 moles [By Wich cement le vepracnted bythe opt MP 
Number of moles of exparame SS Masof MF produced = 46864 
sh aed ip Moles of MF produced = 0.600 moles 
Number of moles = otras 5 (0.600 mols of MF, 
roxze = See Lmole of MF, 
Mass =10.122 x 294 «(2975.87 4) e 4 Formula mas of MF, 
‘omic mass ofM + 19 » 
i Fins many Ipdiogen same oe presen 2g of cxpartone ‘orl mass of M = 78-28 
SF Mast of esparame = 243g Sie atom mate of Cole 4, therefore M a Ca e 
Given Mase grams) Gis Inet pa, hooms de 
Le aclisies ot ra cn, Te cach pr, coon th xg th nicad qty, Hate Whe mplan oe oad 
Number af mslecdes = Terese (Indu porcie:  mes f ngen acd or 04 to angen ome 
28 cua (8) Mame O:4 mal of one molecules ar 0-4 moles of expen stoma 
Faq 60m (6) Mam: 0.8 mote of Cx, 07 0.6 motes of 
acini etait (@ ntdvolporekx 8.09 0,0 3.23 80, 
(@) Total tans: 23 mae: of NaCIO, or 20 motes of Ml, 
Amel of CPO, contains H toms 18 atoms {Molec 11.09 10 or 11.0 910, 


14.97 x 108 


497 108 molecules contain H ators 
=(8.966x10% atom] = & 


{(g) Ne" ton: 0.500 moles NaBr or 0.0145 kg NoCt 
(8) Monn: 6.02 x 10 atoms of ™*U oF 6.02% 10" atoms ™U 


{) How mony moles of F are presend tv the sample of MF, that forms. 
‘Solution: 


+ Number of moles of M = 0,600 mol 
Maas of MF, = 468g 


” M+ Fy —> ME, 
Compete moles of M and HF, 1nd he mols of MFy 
1 mole 
0.600 moles: 0,600moles 
‘Thus moles of MF, produced = 0,600 moles 


1. mole of MF, containa F moles 2moles 
1 = 2m ¢ 
91600 moles of MF, contain F moles = 2 x 0,600 =[1.2 molee| 


‘Both have same numberof paricles 
Since both are equircer quaniies,thretore they have equal umber of partes, 
Le. 04 36.02 3 108 


Far, 

Males of 0,= 0.4 moles 
Moler mass of, = 48 g mol* 
Mona = moles molar mast 


Atomic mass of O = 16 g mot" 
Mass moles x atomic mass 


‘Number of moles = 0.6 
fans = moles x molar mass 
Motor mass of C,H, = 28 qrot* 
Putting the values 
Mass of Cy 


Number of moles = O46 
Mass = moles * molar mass 
Molar mass ly = 2 x 126.9 =253 8 g mol? 
Mas cf = 0.6 x 2538 

= 152284 


= 06 «28 
= 16.8 
06 


Gimales of CA, 


oF, has gteater 


Mase of 50, 
Molou nas 


134 


Maw of NO, 45 Ey 


Mol main cl Nyy = 284 64= Mamet! anol! 


wo Sa ea = 


= Cae Sey ‘ple, hit ard tone Comet 
wg [tenn SNE) 
a — Cr Gatatte the pereminge of ntregen nthe fur portent stregen tiers La 
sown wine Vrach ¥ poe S Sees 


1a coon by the Smale 


Nowe AX = 


Mola Mans of Ny 


2 “ RoNinNty ° 
. if Madar Mass of NHCONE = 1.02 4 Px dA 1D 1+ 16x = gmat 
d " SNe NOON ° 
° 
« - 1B Cakes te peerings J ag ond phaapherees aac of de Bowes 
“ © NHHPO, a6 INL HPO, ea MHD PO, 
=: F> 
Pines, 0 5 at 0 connate Aegean ein mec ge Sait aad len pace 
_ < Mast of N orP mars the SBOE yy 
oNaP= :P esors i the compet. 109 
©) Moiae ese of NQH;PO, 
e 
“o ©) Molar mau of (NHylgHPO, = 14 x 2+ 1943114164 = 122gmat* 
: £ e 
SE Pee 
tere 02 + 10P ators means t mole OF 
6.22 5 108 sme of t= 73 


gf EMAC eOs coma Hao = 12 35 108 


ote chen Pad = ot 
a of (NH,)PO, = 14 «3 +1 12 431 x 1+ 16 x 4= 149g mot! 
a) Molar mass of (NH) Ce 

olN in (NHsPO, = 755 *100= 28.19% 8, 


31 
= 314100 = 20.80% 
alPin (NHPO. = a5 


“Gav Giese CUT a at Paparan  he ol foreoveatng el prea 
otha mont imporan the cl or everating 
Oe Cts the mane Sf exh amen a avore ond determine the nba 
Cr end 0 some 10g of avenge, 
aw 


Mobo mam of CHygOy = 126414124 16> 


80 g/ mol 


Mass ofthe dlementin compound 


Sdndenm = ‘Melam mass of the compound 
2 ° 
- 210-408 
soteaton = 
setrnteam = 100=667% ° 
setongen = %,100- 599% ° 


is 


Mase ACH, = 1059 
(Giver maaelin rors), 
Meheciles h Cod, = SVer-meselin gers), ny, 
105 
~ iy O21 
= 35710" molecules 


Imehecule A CyHy40, contains C atoms = 6 atoms 
354 ACH yO, comtain C atoms = 6 « 35x10 
{2.1 10" stome @ 


1 molecule of CyH,404 contain H atoms = 12 atoms 
(4a 


1 molecule of CyH1,40, contain O atoms = 6 atoms 
38 x 10" of C440, contain O atome = 6 4 3.8 10% 
Breer 


Geltae Chetan Patt Li] Banc Concente 


GUS. Ethylene glycol te used In utomobile antifreeze, Tt has 38.7% carbon, 9.7% 
‘drogen and 51.6% oxygen. Ite molar mass te 62.19 mot". Determine ite empirical 
‘end molecular formula 


‘Sotatton: 


H | 97 


o | 516 


‘Thus Empirical Formula of Etylene Glycol is CH,O 
Empirical Formula mass =(121)+ (3%1)+(16«1) 


Molecular mass 
Molecular Mass _ 62.1 


EmprticalMass ~ 31 


‘Molecular Formula = 1 { Empirical Formula ) 
= 2 (CHO) = CHO, ° 


Q17. Seroienin (M=176 gmot") Is a compound that conducta wares Impuleas iy Brain 
and muscles. It containe 68.2% C, 6.86% H, 15.09% N, ond 9.08% O, whet lo les 
molecular formula? 


Trpineat 
Comune ae am # Atuonie Hat 


c | 6820 
H | 686 
N | 15.09 
© | 908 


Empirical Formula = CioHj2Ns 


FD CUO ae Symes net eee = 


cele ae = at once 
= asta Sabie 
: Hut Or 
TEmpiical Formulamess =(12x10)+ (bx12)+(14x2)4(16%1) = 1769 mol" ca 
™ ‘Molecular mass= 176g mol" | pate & 


‘Therefore 4moles : 


Hence Moles of O required ° 
Molecilc Formula n( EmpiicalFomula) ei 
= 1( Cotas 0) = Cio Haas {By Flow many moles of CO, can Jorm one mole of octone? 
os Moles of octane = I mole 
Ta An erizoan metal M reacts lth § to form « compoun mala MS, 
G18. ray M resets with canetly 2.86g of euiphar, wehot are the names of metal M oxd ‘Compare CyHys and CO, according to balanced chemical equation 
the compound M.S? ‘CoH COs 
Spat reaction can be vite as 2M + 35 —~ MiSs Eiooles tk anoe 
Therefore Imole + 1Ea1=Bmoles 
+ Mass of Sin MaSy = 32x 3= 96 8 ma] 
‘According othe given dota Hence Moles of CO, can be produced =| mote ° 
Pest eee on fea of water produced by the combustion of 6 moles of octane? 
fo many males of water produced by the combustion of 6 molea of octane 
sree = 38.6906 etal ete 
+ Masonite ‘Compare C,H. and H,0 according to balanced chemical equation. 
‘2moles of M = 104g 
104 “ Cates HO 
ImaleotM = 04 -s2amot 2moles + 18moies 
Hence Atomic mass of M_ = 52 mol" Therefore 6moles : 146-54 moles 
Since 524 mol" isthe atomic mass of chromium, 2 
‘Therelore M fs chromlum and M,S; ls CrS; Le., chroma sulphide. e Hence Moles of H,0 produced = 54 moles e 
Rasa PEASE ES Ce 
(2) itis reacaton te 10 be used 20 synthaatze 6 moles of CO, hous many grams of 
19. The octane present In gasoline burns according to the following equation. rongen 
SE oe ee ing ea re needed? How many groms of octane willbe weed? 
(How many moles of O ore needed to react ully with @ moles of ochane? Soler ¢f Cou ='S eater 
Compare CO, nO acorting ance chemi enon 
‘The balanced chemical equation forthe chemical reaction is ab ied 
_ 2H + 250, —> 16C0, + 18H,0. ae 
Bmoles + 
Moles of octane = 4 moles 
Hence Moles of Os required 
Compare CaHae andl Oy according to balanced chemical equation. ciel Wes of G: yeteaes 8, 


SS ett 


Ate Conray 


Compare CO, and CyHys aécording to balanced chemical equation. 


COs 
Y6moles + 


Therefore Bmoles + 


Hence Moles of octane used, 
‘And Mass of octane used 


CoH 
2moles 


248-1mole 
16 


=1mole 
=1x 114 =[1143) e 


cata he Tamer of gram of AY, ahh canbe prepared by the vesting 
tO Selene And 30.009 of mip, Hse mach nonlimiting renctont fn excou? 


{Lahore Boor 2015), 


‘Solution 
> The balanced chemical equation for the chemical reaction is 
20435 —+ ALS, 


Mite cnctl = 
os Given mass ofS = 30g 


32 0.9375 moles 
E 4 


‘Compare Al and AlpS, according to balanced chemical equation. 
AL Aly 
arom Inde 
Tre 074ml 3107403700 


Hence number of moles of the product produced by Al = 0.37 males 


(Compare § and Al,5y according to balanced chemical equation. 


St ALS 
moles 1 I moles 
j 09375 moles + 309975 =0:3125 moles 


Hence number of moles of the AlsS produced by S = 0.3125 moles 


~ Since S produces least number of moles of the product, therefore itis the 
ling reactant 


Hence Males of AlS, produced = 0.3125 moles @ 
Maat of Als, produced = 0.3125 x 150 =|46.87 g | 


‘Clee Chere: Bart 


Baek Concete 
+ Determination of amount of let unceacted 
235 > AGS 
‘Compare the moles of § and Alt find the moles of Al reacted 
Ss AL 
‘Smoles : 2moles 
09378 moles + 2x0.9975= 0625mcles 
-+ Moles of Al consumed = 01625 moles 
Moles of Al taken = 0.74 moles 
Moles of Alle unreacted. = 0.24 ~0,625 = 0.115 moles 
Mass of Alleftunreacted = 0115 x 27 =[3.105g] ° 


Q21.A mixture of too lgulde, hydraxine NaH, nd NO, are used aa fusl in rockets, They 
produce Ny and water 
reacting 100g of Net 
‘Solutio 
> The balanced chemical equation for the chemical reaction is. 
2NHe + NO. —> Ny + 4H,0 


Goon mnt = 1005 

Numeral, = 122-25 nce 
Oven Mansi, = 20 

Number of males of 0, = 22. 


17 moles 
92 


‘Compare NH, and N, according to balanced chemical equation. 


Nee ™ 
2imcles 1 Smoles 
3.125 mole + 3 


33.125 = 4.69 moles 


‘Compare N,O, and N, according to balanced chemical equation 
MO. Ne 
Imole 1 3moles 


There 247m + 2521765 


‘em cham Fk aa Caen 
voce se peice lest numberof moles ofthe produ, therefore i 1 he itng 
react 


69 moles 


uct produced — 
Hence Moles of the product produced = #9 oi ap 


‘And Mast of the product produced 


® 


“incon Setade TiO) fe oF inporant corte rate ee produced by along 
Se sand (SI0;) to react with carbon at high temperature. 
Sorese sic + 200 
Wihen 100k cid is rested wth excess of carbon, BI-dky of SIC fs produced, Wht 
the percentage yield of SIC? 
sen balanced chemical equation forthe chanical rection 
Sinn ae > SC +200 


Mass S10, = 100k = 1000005 
amber of moles of 10, = 200000 « 1666.67 moles 


0 
> Compre SiO, and SIC according o balanced chemical equation 
80, SC 
Lmole t Imoe 
“Therefore 1666.67 moles : 1666.67 moles 
Thus 
Moles of SiC, expected to be produced= 1666.67 moles 
Molar mass of SiC=28+ 12=40 gfrol 
Mass of SiC, expected to be produced = 1666 67:40=66666 8 g 
+ Thus Theoretical yield of SIC= 666566.8 g 
‘Actual yield of SIC = 51.4 kg = 51400 
‘Actual yield 
ercentage yield = —Acualyield 
Parana Theoretic yied “°° 
51400 @ 
- x100-[77%] ° 
— 666668"1 


HELLO! My. Question here! 2 
ions from PAST PAPERS 


1. An ordinary microscope can measure the sze of object upto. (Fakioabid oars, 2007 


(@) 100m {6} 200 nm (1400 am 3} 9 

2. How many times a haemoglobin molecule is heavier than hydracen 2100) (alatbod 
(2) 38000 times tk} $8000 times __(c} 68000 times (8) 88000 times 

3. Which of the following element can exis im monoatomie fortn? (Multan Board, 2011) 
(2) oxygen {b) chlonre (e) nivogen id) neltum 

4. Atom of which of the following clement has independent existence (Henousipur Boat 
(@) Fluorine {) Krypton 6) Oxygen id) Neo 

5. 


‘A Swedish chemist J. Bereeius determined (Sergedhe Bord. 2013) 
(a) atomic number {b) alomic mass 

Electrometer is also called ¢shne Boor, 2007) 
{2} Voltmeter 


(el molecular mass (a onic mass 


(b} Avometer (e)lon Collector (d) Galvanometer 
Height of peak in mass spectrum shows: (Lahore Boor, 2008; Mutan Board, 2013) 

{a} Number of isotopes (b} Mass number 

(6) Relative nbundance  {d}) Number of protons 


8 Siker as isotopes ators Bow 201) 
(a9 916 an ais 
3. One a mis equal to ore Boos, 2011 
(0) 1.661x0" kg) 1661x107 iq) 1L.661%10% kg (2) 166210" kg 
10. Out 280 sotopes which occur in nature, the redone topes ae ain Rr 
(2) 16 (b) 126, (e)30 (d) 40 
11. The number of isotopes of tin are (Lahore Bead, 2012. Rowalpindi Board, 2011, 2013) 
ie ni) ‘on oo 
12. The number of molecules in one gram ator of CO; is: (Guraments Board, 2010) 
(2) 602% 108 fo) 62x UN? te) GA7* IO” ig) G02 « 10 
18. Empirical formila of gluco is: Gaensl bor 011) 
fa) CHO (b) CHO, (e) CH, (d} CHO, 
14. The mass of CO, containing 8 grams of oxygen (O;) in grams is (Guyameala bord 2011) 
(a) 32 (oy 22 (a 16 (a) th 


ay 
(de Senter Pat = face 
no termined he atric ma? ain Bow 201) 
16 The percentage of Nivogen a Ammonia: an Soa 213) 
ar aE 78% 
v ras cf C3CO, ate Bd 20 
0190 te) 120 (a) 106 
1S Percertage of One inate ate Bowrd 200) 
“a (e) s8a0% (c) 88% (6.98%. 
ber of crops of ann: tr or, 2009) 
‘») Two (e) Four (6) Tiree 


so eps wes anf se chen ith sir cia proper a oe 

mcnmie () Amie vhime (c) ome wei 

chen cca bec COs STP gta 370 

228 adm Tbe? (12 

22 The rms pcs matin! net carb mie pect 
Heeeertohnpameoneey 


() Atomic stu 


a) 10° or (b) wound 10" tar fe) araund 10° torr (6)10" to 
Tre rar of nes of C8 any Board, 2010, 

ia) 6 2 9 @u 
26 The mas of an oxygen atom is maaan Bow, 2010) 

2) 2657 10% 3 (6) 26757 Wg (e) 169 (@) 325 


25, One of te substance is used to absorb CO, gas in combustion analysis which i hot 
Substance 4, Khem ord 2010) 


2 DRKON ALO, (el MylC1O, (a SOs 
26 Perantage oN NH, ata Be 2011 
4 4 3 3 

te) 757100 fo) 371 () te (a) ae 
27. tn craton anal, HO vapour are absorbed by: dare Bead, 207 

(2) 50% KOH, (6) MgiGO), {c) NOH (a) MgO 
2 Poste torn ec: dats Baws, 200% 

(2) Caton (0) Anions (6) Molecules (d) Hydrated 
29 Tre volume occupa by 28g of Nt STP sandpna Bond, 2010 

(2) 22414¢m? (6) 22416dm? fe) 224d?) LDA 
30. How many isotopes are present in palladium?  (Sargodhe Bowrd, 2014) 

(2) Four (0) Five (Six (a) Seven 


Detailed Explanation of Past Papers MCQs & 
answers to all Past Papers SHORT QUESTONS in 


COLLEGE CHEMISTRY OBJECTIVE BOOK-I 


LONG QU: 


(1) Write down the main postulates of Dolion’s Arne Theory Falalabed oer 2008) 
(2) Why atoms cannot be observed by an erdinary optical microscope” iMawaipich hoar,201) 


(2) Diferentiate between homo alomnc and hetero-atomic molecule with example id Kas 
Meret hetero lecule with example a0. Kan 


(4) Define the term molecule. Give tuo examples (Gupemeat Bord 2013) 
Long Quertions 


'1) Defice with example, ctomicty, molecular formula, Avogadro's number. (Matton toad, 


(OLECULAR TON 


(1) Deserve Brief the energy changes ‘aking place during formation of postive and 
egatve Los (0.0 Kher Bowe. 30% OR E>P sn formation of lan ath respec to ener ay 
changes tn tow 2008 

{21 Formation of uniegatve ian ison exctherml process. Just. Mahan Bear 2007) 

{3} Define ion and sve tuo examples Sees ew 201) 


hat ts molecular lon? Give an example OR What do you mean by molecular ion? 
wf ‘Bard, 2018: Latur Boor, 2011 Sepothe Bore 2009, 200, 2012, 
{Define motecuar ton, write is uses tater Bow, 2010) 

ne molecular ion, Hou lit generated? Patan Board, 2012: Sergedhe Board. 2013) 


ater Chemin: Pa 


RELATIVE ATOMIC MASS 


eisai fl un, npr Ba, 2010 

Se ete iomic mason ge Suns 0, 

Foo lu Goes oaue gars rat Mart 09 Sena, 
sett Soplicbors 0m 


‘ISOTOPES : 

ates termine sin 

Titer are wotopes? How relative atomic masses of Isotopes are determined? a 
ow. 2008-2011) 


2 eave some chem properies? (han Bord 20% andy 
wea 
srt clenens? Guo examples ntl or 21 
(o Whare teeta undanee of ctpes? How fi determined? 0, Ko Bow 08 
ee 
dani eae ouch 
tht re stop? Haw do you deduce te acon 0 
Sere estes? Git tne Carta eomiaal sand sh lacy Oct 


(2) Explain relative abundance of isotopes with suitable examples. Felelabed Bocrd 2011 


(2) Define Molecular ond Empirical Formula with exces tahmesper Bear. 2009: Man 
Ben tn nr we 

(3) Molecular formula is mutiple of empires! formula Exploin with example (00 whan 

‘ boar aoe Hatin Sor 0 0) a . 

(t) Differentiate between empirical and molecular formula staat Hoard 2012: shore Bou 

(9 TOE Sn dort D015 po cans ee 

(8) ComBusTioN ANALYSIS 

(6) Write formulas used forthe determination of percentage of © & H. amlabad Bord 2013) 
{Soweane dood 2018) 

(2) Write functions of Ma(C10, and KOH in combustion analysis 


(1) Write down the steps required to find the empirical formula of a compound. (Gudranuale 
Boor, 2008; ahnoapur Board, £008 Labre oor. 2016: Mute How'd 2008 Cubensia Board 

(2) Whot is combustion cnalysis? How the percentages of various elements present in an 
‘organic compound are determined? ©.G, Khan Board, £008, Bahewalpr Basrd 2012, DG Khon 
Boord, 2009: Garerele Bort, 2006) OR Give ws method for the determination of the 
‘carbon and hydronen in the gen organic compound (Lahore Berd. 2006) 

(3) Whot is empirical formula? Discuss how empirical formuta is determined by combustion 
‘ralsis. (Flalabod Board, 2009: Sarthe Berd. 2014) 
2010: Rasapinl Boord, 209) 


Sof 


(Cupomet 


rd, 2005; Multan Board 


MOLE, AVOGADRO’S NUMBER, MOLAR VOLUME ~ 
‘HASS SPECTROMETRY —| Short Questions 7 
a (1) Define gram molecule and gram formula. 


(1) Wht i the function of electrometer in separation of isotopes in mass spectrom! 
(False Roar 200% Gpaneaa ord 2008) 


(2) Explain mathematical relationship for mie of an ion in mass spectrometry (ators et 
ity 


Whats mos spect? tahoe Board 2018) 

(8) No iia Ne com in the sompieof elements has mass of 20.18 amu. Explan Wi 
\Maheeniper Bowrd. 2012: Fatalabad Board, 2012: Lahore Beard, 2016) OR Atomic mass may 
uarien in fracons, Why? (Gahan Boor, 2009 Mean Board, 2008, 2010: 0.0. Ken Bort 
1008 ators Bore 2008 broths Bord 2007) 

are 4 

1) What ss mass spectrometer? How is it used to determine the relative atomic ms 


SCUEES Cotrmle Reed, 2012. 2016: Rasalndl Beard, 2009; Lahore Board, 2008: 
Bek 2009 0.0 Kaen Beara 201% 


a 
Decum e mast spectrometer 1 do the analy of isotopes of an element. Merde 
‘Bis of eer ond magnetic fields to seporate the isotopes of an element Wheat 


"AULA. MOLECULAR FORMULA, COMBUSTION ANALYSIS 


Bt (Cuban et 200 
) NeCI has 585 amu as formule mass and not the malecilor mass Js? atone soe 
2009: Sargodhe Board, 2009: Rawalpindi Board. 2007) ety 


(8) Define Avogedro's Number. Give ts numerical value? tahandpar Board, 201 
Dene Auogodro's Number. Give & numeric! valle? tabandpr Be. 2012.6, Hhn 
(8) Define Avogadro's number. How dos it relate tothe masses of chemical substonces? 

(3) Define molar volume. Give two examples. (D.G. Khan Bosrd, 2009) 


(5) One mole of diferent goses has different masses but occupies same 1) 
re mote of iferene gees has ae but cceuph vol 


(2) Define (0) molar volume (b) molecular formula (Resend Boor 212) 


lume. Why? wo. 


(1) Define the followings giving one example ofeach Mua Bord, 2008, 2000) 
{21 (0) gram atom (6) gramion 


(3) Define and explain the concept of Mole a ro's mi 
jn xpi the concep of 1nd Avogadro's number with examples 


(9) Wrte @ note on Avogadro's number. (Malin Board 2012) 


/ 


(elt Chama Pee 
STOICHIOMETRY 


Shee uti chometic assumptions, Batandnar Bomd. 2010) (bere Hom 

Osa) RawcnBood 101 tare ard 2018) 2, 

(2) Stote low of conservation of mass (Baherstpur Beard, 2010) 

(3) La of conserution of mass has to be obeyed during stoichiometric calculations Ge 
‘reason or Comment on it (0G. Khun Board, 2008: Lahore Board, 2013) 

\4) What teichiomary and define yield of a chemical reoction? tabed Bom, teh 

5) Give the assumptions of woichiometrieencultions, aaah Bor, 2008 

(6 Deine oichomeery ond write down 8 basle assumptions (elbed Boud 21, 
nes Hon B00 Boye Bot 3013) 

1) Which tus are to be coridered during sotclometriccaleltlons? (pane fot 
oon 


B) Wie v0 assumption of stoichiometry (Guvamaala Board, 2011, 2018: Lahore Boar, 34 
eas Bowed 2007) 


(9) By wing a balanced chemical equation, whet type of relotionships can be studied? tae 
ewe Bh, 


Lona Qussitone 

(1) State conditions of solchlametry Raeallnds Boers, 2011) 

) Whot ts stokchlometn,? Give assumption. Mention two improtat Iwas, which hel 
perform the stoichiometric calculctions, (OA) (Lahore Baar, 2014; Hauslphnd! Boor. 2012) 


LIMITING REACTANT. 


‘Short Questions 

(1) How lining reactant controls the orount of produess formed? (retaab Boar, 297 
(2) List steps involved to Iderily a Ming reactant ialebed Boor, 2011 Mten Bead 219 
(3) How the ming reactants Kberfied?(Osraele Board, 2009), Sergoda Boor, 2018) 

(8) Define iting reactant, ge an example. (Laer Bow, 2011) 


(9) What i ting reactant? Whe the steps for Iderfeaion of @ linking recctant. mi 
‘oor, 2000 oan Bard 3010) 


(6) Dafne rt reatot How Lt keri? (Sorpodhe Bow, 2012) 
Lora Questions 


(1) Define iting reactant. How it amouni ucts? Give exoro 
: i, 0 controls the amount of products? Gi 


(2) What s iting reactant. Write the steps to Identiy a limiting reactan’ How & cone 


‘the amount of products with example. (0. Khan eerd 2012: Aaed Nash: Hoard. 2012! 


Donte Comcente 


‘Short Questions 

(1) Actual yield is usuelly less than theoretical yield Wy)” Bahmetpur Beard. 2011), (Rasen 
‘oard, £012) (Ouirmecte Board. 2007). \Guremecie Woord, 2008, 2012), (Malton Board, 2013), 
(aceipndl Booré 3010), 

(2) Why the experiment yield is cluays less than theoretical yield? (Flelabed Hours. 2012) 
(Uahore Beard, 2008), Palen Boor, 2007). Malton Seord. 2010) OR What are the reasons for 
low actual yield than the theoretical yield of reactions? Wien Beara. 2008) OR Why 
‘theoretical yield s greater than actual yield? Water Board, 2013). (Mallon Beard, 2009) 


(8) How can the efficiency ofa chemical rection be expressed? \Gajaneale Retr, 208: Lahere 
Boerd, 2007) i 2 


(4) Why we calculate Sage ylld? (Lahore Berd, 2014) 
(5) Distinguish between theoretical ond experimental yield Mawalpndt Boor, 2009 


Lona Questions 
(1 Define cual yet. Write forme forthe cclation of percentage yield tates Bema 
0) 

(2) Whot is the difference between actuel yield ad theoretical yield? Why actual yield is tess 
thon theoretal elf) aber Bow, 2012) 

(8) What do you mean by the terms) stope i) Empirical formula (ii) Grom atom ) 
Yield of «chemical reaction. (ton Bor, 200) 

(A) Define sctopes Lahore Board, 2012, aon Dna, 2009Hoe «prt of lng qvetin) 


(5) Define yleld. How do we calculate the percentage yield of @ chernica! reaction? 
(Gupenuats Bord, 2009) 


¢ 


ak Corey | 


Time 20 Minuten 
Nite oar ain cute, rang wn 


1. Each question has four pouaible anaware, Choose the co 


land pen lee nem of at 
yrect anewer and enclrcl 


Tazo tre of, gal STP wah aime 


2 oleae 
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. (025 q {a} none 


1) Hine nse of gen fom ate present in 04 ols of xyaen 85? 


ia) 24" 10" (4916 (908 (as 
os: EE Re scuhhpeiiien | 
sl i (a0, ene 
i eases eatin 
mc a ce won 
ee 
Prneeeiiet s. ae on 
sa Sel tea een sunbed 
ine aeons (bk nalion 
(cw One mole of CH,COCH contens the number of Heaters 


eters EaTRTOS Gy 81s 10% (ayes 10™ 

“*) [iminium nerberctckwaapalad (8) maximum numberof mle ote pot 
ie ano mos ole eo {8} none 

1s) Thecaanare intragenic, con 


Uaiesreniage veld (BL atSEOM —(e) tring eactng (4) percentage compost” 
0) Aone of emo 68000 tes heave than one aor of 


ces crete 


or be oP (0 
sho he tung specs ae rede nthe nan chambar mas specie 
a) FOF Neh) Fy. Oy, Be Fey Ne (POF, Ne 
‘SUBJECTIVE ‘ 

Time 2:10 Hours " 


Note: Ou! Quin 2 aa Whe ary TWENTY TWO) shat answers While win nag 
‘pet marsh carly (eae 
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Pr thon aor of My et hem a8 eo cern 
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liens Chelan Par = 


(i Dilleetoteoetaeen empl and mac: orn 
{Ul What the bate pipe of mem pecromery? 

(ot) What da yeas mene by merlot? 

(ta) Wat toric mss 

{ett Moteclorfomula a motile of epic female Jit 


Ti) 22414 din’ of cach get STP hs a tere mab same nares of malas Why? 


{h) Gante en cf een gs 

{3h Fammlon ofa pstveled sn theme prcem Wy? 

{ki NrardCO have tw sane numb ol cn part netons expan wh reason? 

£3 Also sry ht pa a he ge 

1)” Wty dich meescape neta ee som? 

3) The tors moses maybe nhcion oh 

{tt Wnty ean ena he aot of rut ring the chameleon? 
Uhre inion 5 RO scone? 

{3 iy ate see omen econ? 
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{a Nos poe rs ere sep mas sero? 
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ts Which semen nae Sf teeth nat? 
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ented? 


{81 Acompound has amir Formula HO and ts moleuse mam, Whats molecu: fru? 
2ocozsana.78952% Whats ate atc ma? 


{i) Thnk sundoeet ope Bo 
(saat theme of Coe nmin 088 
(How many mons thr mea mano and Mae 
{it NicihasS3 0mm atoms andro mcr sat? 
ti Este wasn par ct2 ice ot PO 
It How pring eat 
tat howe ean a ld wy? 
SecanILiAtompt ony thas guntons) (0 3)=34 
3. at ctntag can Hos an ou Sern Ean aa hel con 
(War aman? wha eer? 
{Cate renin Won Pn 
6.1 What che al ence 
{8 Dunes Mtowngetheangiee ram Gr aml 
(6 Mot he sana have acon atom ner Wh? 
1. (el Omit contusion soa aerartin ot pense C Hand Oa 
orn oom. 


(0) ge8 can be prepared by heateg yee wo sla NEC and CalOHy a mine ening I of 


"vch slid hen them ensue the number of gma cf NI, prthe 
INWECe CHO |, 8 CAC, NM 
8. (a) Ca 
‘LSC eat the nae of macro wer sca? 
{by Define with examples 4 Relate meric mass 0) topes fon 
98.10) at nes pcm? Doar ely 
It) Serotonin (Me 170 gma moneda condos nerve ple 


21) (Are mat of Ca AD and) 
the nies of ra of KS, an water pce whew 14g of KOH ae atte whence 


ied meen 
Wsontane 68 2%, ROE HIS N, nnd 9CB% 0 halts mole rou? 
|e) Ha gst 50, me dsl i wer, how many ret nk. ie owe charges 


109 
(03 
2 
(03 
(03 
(02 


04 


09 


ta) 


EXPERIMENTAL 
TECHNIQUES IN 


“| CHEMISTRY 


‘e-s. Experimental Techniques in Chemistry 


Chaptor-2 ors 
FILTRATION 

Filter paper 

Filter crucibles 
CRYSTALLIZATION 


Choice of solvent 
Proparation of saturated solution 
Filtration 

Cooling 

Collecting the crystala 

Drying tha crystallized substance 
Decolourization of undesirable colours 
SUBLIMATION 

SOLVENT EXTRACTION 
CHROMATOGRAPHY 

Paper chromatography 


Objective and short answer,questions (exercise) 


Test your skills 5 


: om 


wa 


tudy of analytical methods for 
ls of chemleal substances 


The branch of chemistry, which deals with the 
quolitotive and quantitative analy 


Pesci Ann 
asa wth ts Filion ‘ef comity pari a mebibeen, 


Ut deole with the determination of relative amounta of the elements present In a 
substance. 


‘A complete quantitative analysis involves the followin seps 
1, Obtaining a sample 
2. Separation ofthe desired constituent 
3. Measurement and calculation of results 
4 


Drawing conclusion 


Following techniques are commonly used for separating the desired constuent 
A. Fation ——B, Crstatzation 
©. Sublimation. Solvent Extraction 


E. Chromatography. 


LETRA ON nee | 


The process of separation of insoluble so from liquids by passing them 
through « filter medium is called filtration. eee 


+ The insoluble soli particles obtained after fittation is called Residue 


+ During filtration, the liquid that passes through the filter medium is called Filhate 
The medium used for ‘illration is called fiter medium 


\ 


& 


7 


‘etn Shale Pa WEE arene tectetser a Chet 
Types of Fite Media 
‘The choke of filter media depends upon the nature of mediate and some oer facon 
‘Tux types of filter media are generally used 
(2) Fitter paper (2) Filter crucibles 


oe papacaies fy finial ED 

Tne papes ot erent pct pred] are avdte, The coke of see 
depends upon the size of particles in precipitates. 

Whatman filter paper No. 41 & 42 are in common use. 


+ Filtration by a glass funnel and filter paper is usually slow. 

+ The bquid containing sold pares s poured on a gas rod 
uihich hen goes int theft paper. 

«+The residues colected on fiter paper and fltate collected 
inthe beaker s show in ig. 


Prints bar a God bitiation Missa | 
Property of Flter Poper: 
(a) The fier paper must be so large that itis Ya to Ye fll ofthe total precipitate at 
end of fration 
Properties of Funnel ; 
(b) The funnel should be so large that ts upper rim is approximately 2,<m above ™ 
‘edge of fiter paper, < 
(e) The stem of the funnel should be several cm long, so that, it goes down inte 
beoker. : 
Precaution 
(@) Torun itretion smocthiy, the ster offurel shen full of liquid, il there is! 
present in conical per of the funne! a 
(@) The up. the stam of funnel should touch the side of beaker, so that the fit 
dou the side of beaker without splashing, 


Follwing are important points 
The titer paper shouldbe folded twice 


‘Galles Chemin: Par 5 

Ls ‘Expertmentl Leeholgves in Chemdatcy 
(a) Fist fold the paper in half along the diameter ofthe paper. 
tb) Second fold the paper in hall agen, such that edaes of the paper donot quite match 


{e) Open the paper on a shanty ‘mer section such that three fold thickness i on one hal 
se ond ans thine on or hal ce end opens seh 


|e) Wet the iter paper with water, insert into a 60° degree funnel and firmly press down, 


Dcthods tine 
(0 Suction Futration 

The ordinary firation is very slow, To increase 
called suction filration 
‘ight preseed, 


the rate of filration suction is applied. This is 
‘or veeuum filration. For beter suction fltraton. {iter peper must be 


(t) Fluted Fiter Poper 

+ By using fluted fiter paper sate of fittaion 
through a conical funnel ean be increased. 

+ To prepare it, ordinary iter paper i folded in 
such @ way that 2 fan like arrangement is 


BDA Dae 


obtained, 
+ This fen ike arrangement has atemate ups and Leateataad 
downs. 
+ Thus, surface area is inereased and hence rate 
of filation is increased. 
a, 


[2) Fiver Crucibted 


For suction filtration, filter crucibes are commonly used, 
‘Dag types offter crucibles are generally used 


|8) Gooch Crucible 


+ This made up of porcelain having a perforated bottom, 
‘The perforated bottom is covered with fiter paper or 


with paper pulp 
* For sui titration, Gooch crucible ified into a suction 

‘tation apparatus. bis] 
+ [is useful for flration of precipitates, which need to be ignited at hich temperature, 


‘Some materials, e.9. conc. HCI, KMnO, solution react with filter paper. Therefore, they 
Cennot be itered using fier paper. Forsich materas, Asbesios Mats used in pace of 
fiterpaper, 


eed 


cafes Gente: atl ‘eerie Tatnine Chie 
= Esmerimental Technlaves!n Chetan, = me 
Feo 
Uirte doun the main characterise of solvent or eration of a compound. 


0 Sted Ga Cracle 
vein lag crue thas 2 porous sintered oass dsc sealed into its bottom, 
nb than Goech cl due 1 fn eons 2 
: dee = Mie events chosen on ita ial bss. Many sehen reid 


[No fiter paper is used. Thus, fibres of fier paper do_nct 


make the product impure ; erties (Choracteriatics) of am Ideal Solvent. 
+ ean be easily handled erage cutie {@) It should dissolve a larse amount of solute at its bollina point, and very small amount at 
«Reactive materials (eg, core. HCL KMn0, solution) can be room lemperature 
easily filtered. (0) It should not react chemically with the solute 
Diference betteen filtration through Gooch crcible and Sintered Gloss crucible (¢] It should pot daselve impuries. or impurities should not cxatalize out along with the 
Traore niviered ten acl sok. 
s made of porcelain. Ws made of cast, (2) On cooling it should give welLfomed crystals ofthe pure compound 
GARRET Tehas sintered sas die eae (ae taba eee 
eke SS = (0 It should be safe to use 
ie base & covered wih Tiler fM Flier paper or Asbestos mat are pent 
_paper or asbestos mat not needed. (Gh tahoe be aeally camevabla 
Reective materials cannot be 
Solomts for Crytatzation 
fered easily, since trey react [MM Reactive materials can be filtered 3 
‘with fiter paper. Therefore, [EM easily, since no filter paper is Commonly used solvents for crystalization are. water, rectified spirit (95% ethanol) 
weber pepe, Tene Dusen Absolute ethane, dey eer, setone, cholo, Cy etc ak and petoeum 
such materials. oh = Sz ee 
Fibres of fter paper oF asbestos NM Since no iter paper or asbestos Ino solvent is found suitable, then 3 combination of two or more solvents is used 
mal may contaminate the EM mat is used, therefore, no + Ifthe solvents nlammabe then heating s done on a water bath 


prodi contamination of the product_ 


Its then heated directly or on water bath with constant string 
* More solvent may be added to the bolling solution unt all the solute Is dissolved. 


Cratallzatan is used to purty crude sold product be titisionl 
Principle . 
toa ‘The insoluble impure are removed, by fiterng hot saturated solution 
. veiple Ie * The solution is filtered hot to avolds premature crvsiallization of the solute on the filter 
y ue oh soluble In sen given a hi temperature and exces. amount Paper or in the stem of funnel. , 
coms. culo ives wn this salut : G 
bone jn coaled.” ‘Hot water funnel may be used fr this purpowe 
It inves flowing sepa 
1). Choi ‘of solvent (2) Preparation of saturated solution (3) Filtration 
(4) Cooling (5) Collecting the crystals (6) Drying te cra 


(7) Decolourization of undesirable colour 


we 


ali oem Pod = (Gomera Lechniaet t Chemten ' 
ster eel: Prt EE caeetmanat tates chemin 

[ii wwwind \ 

‘© Hot finered solution ts cooled at a moderate rats in order to obtain medium soe The process of divct soneesion of ¢ sold into eapoure by heating without passing 
ange ; tarough liquid phase le called sublimation 

‘+ Slow cooling gives bigaer sized erysais, which usually contain solvent with impure pearl 
Such entals ae dificult dy Solid = Vapou 

UC eting dhe Costa Sublimation is used to putty sold substances r 

‘© When crystalzaton is complete, the mxture of crystals and mother liquor & fies; _-_‘The-substance obtained afer sublimation i cle sub mate, \ 
through Gooe* crucible using 9 vacuum pump. ‘The impute substance which s sublimed, i cae subimand r 


Fullsucton © applied inorder to remove maximum lauor from the crystals 
Wer cake band tis pressed finn witha cork remove remaining mothecau amples 
Crystals are then washed with small amount of cold solvent several times: 

Mother liquor is often concentrated by gvaporation. It is then cooled to obtain a ft 
pcr of cyt 


todine, NH,CI, naphthalene, anthracene, benzole acld et. 


Method: 
+ The efficiency of the crystallization process depends upon the percentoat ol aut | the ynpure substance is taken on awetch ola ane 
tala bined om rude aus 3 neowred wth an ated and hg 8 caton 
= = plug into its stem, nas 
aisle ‘+The funnels cooled with wet cotton <n 
There are thee methods for drying crystals ‘+ The substance s hgated slowly on a sand bath. Venn 
) Piter Peper: ‘+The pure solid deposits on the inner cold side of the 
+ Crystals may be dried by pressing between sgveral folds of the filier paper This metho! farina cm ehanaesinl 
thas two disadvantoges 


(a) The crystals are crushed toa fine powder and 

(b) The fibres o iter paper often contaminate the product. 
(0) Oven 

Drying can be done In on oven ifthe substance does not meltor decompose om bss 
{W Vecwum destecator: 


+ Vacuum desiccator iso much better method In this, erystals ave spread on a watchs! 
fond kept in a vacuum desscator lor several tii. 


TAW 


jamperature, a solute datributesltaelf between two Immactble Uqulde tn 
‘atte of eoncentrotion, independent of the amount of eolute added. 
Appltcostone 


This law is helpful in separation and purification of substances frm mixtures. Two 
'mportant techniques are based upon distnbution law 


+ Thedeana agents used ina dessicator a CaCl Silica gl ot PxOy © Solvent extraction (a) Partition Chromatography, 

2) Decuteurtvation uf Uudesizuble Cohnery | Pturtbution Competent 

© Dui atkon li Srude. sin ent ‘At constant temperature, the ratio of concentration of « substance tn two Immicible 
aid mabe te sustance oe mete soutina mai "| Nady preaent equim hoochie, ald dnirtbutton co-acent 

+ Coliseo impurities are removed ty boiling the substance in the solvent wath a0% IIs denoted by K 
Shatcon Mathematically 

Ths wluton is then fered. The colouted mga oy animal has ie phase eg CCl) 

res are adsorbed _ Concentration of a susbance Inorganic pha A 
Pure decolouraed substance crysalizes out from the fitrate on cooling. or ‘balance in aqueous phase (water) 


os 


Wa 


‘<aliems Charters Pot eens ectmtenee n rene, 


‘Example: Distribution of todine betwsen CCl, and water containing KI 
carder the distbution of fy between two immiscible liquids, CCly and water in gy 
of K. 

«eae i naoluble in water, When i is added in water, it onizes as 
Wee Ket 

+ ledine reacts with iodide ion to give ziiodide ion in a reversible 
reacton 
here ly 

Thus, iodine dissolves a8 "ion in water (aqueous phase). 

1 Now # CCL i dad to an aq, solution of r-iodide fon. lodine 
[Bmore soluble in CCly, So it moves from aqueous layer to the 
(Cig aer (organic aver) 

Asa result, brown colous of todd ton in aqueous lave fades while the pure cos 
of free iodine appears in CCl, laver 

1+ This sytem of CC, and FiO is shaken to increase the area of contact between % 
lbyen Thus, more and mare tadine moves from aqueous to organic layer. 

«Aber sometimes, equilibrium is established between the two layers, At this point. the 
Gl movement ofl from H,0 to CC, becomes equal 10 the rate of movement fh 
CC 10 HO. 

1+ Thus at equilibrium, the ratio of cone. of fy In both layers will be constant at coats 
temperature. This constant scaled dhribution co-eficient denoted by K and is gv 

= -lhiccie) 
Tasisioa) 


The proces of ebtcning 2 abstance from 0 eohilon with the help of on tm 
solvent Is called solvent extraction. 
Principle 
‘+ Solvent extraction is based upon Distribution Law 


{ Miditecan be seouated om a scuton bv an immiscible solvent, The desis? 


mmgse soluble in zolvent than solution, 
Thus, solute wil move from solution to the added solvent layer. This let 
separated. The solute can be obtained by evaporating the solvent 


Example: Ether extroction, o commonly used laboratory solvent extraction. 
It's mainly used to separate organic compounds from water, 

Method oy 

© The aqueous solution containing organic shaken up with athe 

Lalopaicy ing organic compound is shaken UP 


(coer Chamtt:Patd = 

«The organic compound will move from water layer 10 
the ether layer. The inorganic impurities remain inthe 
aqueous layer. 

+ Theether layer is separated fom separating furnel. “ES 

 Bhher is then evaporated to get the pure organic 7" ve 
‘compound. 
awe move elective than uica snele exracion uth 
[erver volume of solvent 

+ This technique is particulary useful to obtain the product 
whichis volanle or themmaly unstable, Such product are 
Sficult to obtain by other techniques 


eta an anclytical technique used for the separation of a mixture, due to different 
lsirtbutlon of wubstonces, benseen « stationary phase and a mobile phase, 


Chromatography is derved fram Greek word ‘Khromatoa’, meaning ‘Colour wetting’ 


Itmay bea slid ora suid ipported on an inet said 
Examples Sic gel, water adsorbed in paper et 


Bite Phased 
Ttmay be a quid or a gas It lows aver the stationary phase. 
‘Examples: Ethanol, Acetone, Hexane ett. 


Pesincipt} 

+ Its based upon distibution law. 

+ The mixture allowed to come in contact with two phases, a stationary phase and 2 
rable phase, Dierent components have different anes forthe stationary phase and 
tmabile phase due to which they ae separated 

+ The distibution of the component between two phases is controlled by disibuon 
sxeffcient K elven as 


cone. of a omponentin the mobile phase 
‘one. of e componentin the stationary phase 


smertnetel Technine Chemie, 


K 


oem Chant Pa 


eres Tectote n oeme, 


Hence, Compoun¢ with stale: K valve rempins with satonany phate 
While, Compound with lsoee 


obi 


CChrommography is vided into many classes. Two important classes of chromatog, 


1) Adsorption chromatography 
(2) Parttion chromatography 


gAMeorpton Chromatography 


{In this chromatography, stationary phos la # old. 
When mobile phase flows over the siaionary phase, substances leave the moble gh 


‘and adsorbed on the stalionay phase. 
Perstion Chromatography 


In partition chromatography, stationary phase la aliquid, aupported om an Inert wi 
In this a substance dstbutes it sef between the mobile phase and the stationary hs 
For each class of chromatography many methods can be used 

#0, partion chromatography can be performed by following method 

Peper Chromatography 


In pation 
stationery phase isa 
supported on an inert soll 


Jn this chromatography, solule 
distributes iteelt between 
atlonary and mobile phase 


Example, 
Paper chromatography. 


‘chromatography. 
iquld 


In adsorption chromatography, 
Hlationary phase Is wold 


In this chwomatography, sokite 
paris ve edaorbed on the 
‘solid stationary phase, during 
thet sepamtion, 
Example 

Thin lover 
(Lc) 


chromatography 


thas 


Hetlonary Phase: A liquid adsorbed on 9 paper 


tom Chemin: Pd EE acres ectntnee chemin 
organic liguide.g Ethanol, acetone er, 


suspended init. The solvent moves upward by capilary action. 


Paper chromatography can be done in many ways 
(0 Ascending Descending (my RadiaCircular 
‘Ascending paper chromatography, is more common. 


In this method, solvent is placed ar the bottom of a vessel. A paper is 


Procedure 
Asalvent mixture is placed ina chromatographic tank 
The tank i covered with a lid so that ts inner space is saturated with | ky 
solvent vapgun and become homogenous, = 
About 20.cm stip of Whatmann's Chromatographic paper No] is =} 
taken 
a] 


Chromatogram and tte development ” 


A tine ts drawn with a thin pene, sbout 2.5 cin above 
from one end of paper. This s the base ing 

A drop of mbxture is placed on the bags ing, 

To identity components, spots of known compounds may also be placed alongside 
‘The spots are died, 


The apt spend the canlogeph tk nh 8 yf he bse ae 

‘must be above the level of solvent and the paper is dipped to a depth of 5.6mm This 

Sangeet or cet 

+ When anton has move 6 20 fh eth fhe 
Dope pape ev an 

‘Solvent front ts marked with o pencil and paper Is dried, 


‘The pattem of spots on the dried pap I called chromatogram 


Devetopment: 


(0 The spots of separated substances can be seen on paper Mf the 

substances are coloured 

(W) Otherwise, physical or chemical methods are applied on 
per to entiy spats of substances 


ate Coes Pt 


Reserdatten Factor 
Each component of a moaure has spectic vekue of Retardation Factor or Bees, 


Foca Rysaioes) 
aioe te defined a the racic of the itm traveled by @ component from baw ey 
a et by eet rom Baws Be. 
(© Mathematically 
__ Distance traveled by 2 component from base ne, 
= 55 tan ce travelled by solvent from base line 
eg Fromthe fa. 
Rawat md RB) = 2 


R, value has no unit since it is the ratio of two similar quantities. 


Uses of Chromatogeapioy 

2 Ris used forthe separation and purification of substances from a mixture 
(0. tis used for qualitative and quantitalive analysis. 

2 Itisused to determine the purity ofa substance. 


Sie 


‘QUESTIONS 


Qt Multiple Choice Questions. 
i) A fitraon process could be very time consuming i it were not aided by a gentle suction 
‘which developed: 
[a) ifthe paper covers the funnel upto its circumference. 
(b) ifthe paper has got small sized pores init. 
(c) ifthe nem of the funnel large, 50 that dips into the fate 
(@) ifthe paper fits hy. 
(Bl During the process f cystaliztion, the hot satualed soition: aaaphdt Bud. 2012 
(a) is cooled very slowly to e ‘large sized crystals. 
(0) is cooled at a moderate rate to get medium sized exystals. 
(€) is evaporated to get the cystale of the product. 
(G) is mbced with an immiscible hquid to gat the pure cysts ofthe product. 


(ti) Solvent extraction is an equiibrium process and iti controlled by, 
(a) aw of mass action (b) the amount of solvent used 
(€) distribution aw (d) the amount of solute. 


(Fema Boar 2007, 2009 (Beta Bowd 20) (Sargadh Boar 2009) (2G. Kan ar, 208) Mater Soon 
{OID (ator ort 2010) Ramana Bor 213) (06. Ken Boa, 7012) 


Ui) Solvent extraction method is a particulary useful technique for separation when the 
product to be separated is: 
(a) non-volatile or thermally unstable 
(b) volatile or thermally sable. 
(€) non-volatile or thermally stable. 
{) volatile or thermally unstable. 
(©. Khor Boor 201 Lahore Boo 2013 Guporas Bord 2019) 
(0) The comparative rates at which the solutes move in paper chromatography, depand on: 
(2) the sie of poper used. 
(b) Ry values of solutes, 
(c) ternperature ofthe experiment. 
(d) size ofthe chromatographic tank use. 
Babawsr Sar, 2008) (Rowena Saat, 20) (Maen Bort, 2010) (Soyodhe Boon, 2012) (Gare Bod, 
2019 (rr Boars 214) 
ANSIHHS TO BIULIFED CHOICE QUISTIONS 
a 
IW the fiter paper does not tight, suction | Slow cooling gives bigger saad crystal, which 
Wil not be developed usualy contain slvent with impures, While 
fast cooling ghes smaller sie cypials 
‘Therefore, hot seturated solution is cooled a 
moderate rate fo get medium sze crysis, 


Insolvent extraction technique, produc a 
ecomposed because no-much eating i, 


| requited. 


feo mackie guide fn a constant 380, 
Iiependnt of the amount of te adn 
SENS 


Tnpaper chromatogmphy, the solute moves according to their R, values, 


eis defined as 
tance rmridby item buen 
8 Spe tats Rom bese ine 


Each component has is own Ry value 


Ee 2 ee me mmm on 


2 Fill tn the blanks 
i) Acomplete chemical characterzation of a compound must include 


beaker to avoid 
(ui) lured fiter paper is used to the process of filtration, 
liv) Asolent used for crystallization is required to dissolve __ 
its boling point and the room temperature. 
Iv) Repeated solvent extractions using small portions of solvent are __ 
using a single extraction with larger volume of the solvent. 


) W\ BeenPiitaon the tp ofthe ser of the funnel shoul touch The seo 


(ar qualitative and 
Iotmerete the gate tI () more efieient 


QS Tick the conect sentences ce ls Incorrect, urite 


statement 5 
i Adqualtative analysis involves the identification of elements present in a combor 


Li) I the process of ftration is fo run smoothly, the stem of the funnel 
cermpty, 


Coen Statement Il the proces of fain isto run smoothly, ae sem 1 | 


funnel should remain fll of liquid 


ot 
(tit rone of the solvents is found suitable for crystallization a combination of 


‘more immiscible solvents may be used 


Cormect Statement I none of the solvents x found suitable for cnalalah™ 


combination of two or mote miscible solvents may be used yo? 
Uv) Asli distibtes isl! between two iramicble qulds in a conwan! *° | 
- Concentaions depending upon the amount of solvent added. n 
Conrect Statement A sole dstrbutes tae between uo Iniscible el 
if “constant ratio of concentrations independent of the amount of solute add 
(1 Paper hwomatography aa lechniqueof pation chvomatograp 


—_ of the substances! 


ww 


the conte 


J should 1em™? 


GA Why ln there a need to crystallize the crude product? 

(DG. Khan Board, 2007; Fasclatad Board 2007, Gurorual Board 2010: Lahore Hoard 2018) 

When a solid substance i produced during a chemical reaction, \ always contains 

Impure. To obtain pune sod compound, cude preduet is enatalized fom o wieble 
solvent 


TSA seater Isohable organic compound eapirin le prepared by the reaction of 

felteyle octd with a mixture of scetc ced ond cette anhydride, How el you 
eparate the product from the reaction mixture? vt i 
Dring preparation of spine, when reaction mixture f Gown im FO, aspain 
precited” Ten is separated from the reacton misture by suction firaion. The crude 
Products then cystalaed fom a mixed solvent (Le. solvent containing equal vohime of 
etc oid and wate. 


‘@6_A sold organte compound is soluble 
preparation, It remaine In aqueous layer, De 
Layer. 
“The organic compound can be abtsined by solvent extraction technique. In the given 
conditions, the organic compound is present in aqueous layer 
Sine ten ora compound ko soll in orca, and cofom is net 
immiscible with H,0. Hence, organic compound can be separated by shaking aqueous layer 
‘with chloroform in-a separating funnel The compound goes into the chloroform layer, which 
's separated from aqueous layer. Then chloroform is evaporated to get pure organic 
compound. 


‘eater as wall as tn chloroform. During ta 
jribe 2 method to obtain It from thle 


Q7 The following figure shows « developed chromatogram on paper with flee spots. 
(Unknown mixture X (1) Sample A 


{ay Sample B to} Sample es 
{o) Sample D 
( The compostton of unknown misture X ism 
‘The chromatogram shows that the mixture X_ contains 
component B and C la 


(W) Which sample te impure ond shat le te composition 
‘The impure sample is D ast contains A and C 


eee 
_— ee poar 
SF caesar gene he Sey range moon ht md 

Fash ak erkee tahoe meter ty 
i now ert bon 
ees 


To Wns down the moin cherecteratice af @ solvent for crystallization Ws 


en 
Sotved on Poge 77 


SS 
Tio Vou New been provided with « mainture containing thres inks with diferw 


sCoue, Wire down the procedure to seperate the mixture with the help of paw 


Tinks can be separated by following method 

‘© A-solvent mixture is placed in a chromatographic tank, 

‘©The tank is covered with a Tid 60 that i's inner space is saturated with solvent vapor 
‘and become homogenous 

+ About 20 cm ship of What mann’s Chromatographic paper No, 1 is taken. 

+ Aline is drawn with thin panel, about 2.5 cm abave form one end of paper. Ths 
Dave live 

‘+ A drop of minture of inks is placed on the base line, 


+ Aner dryang the apo, the paper is suspendad in the chromatographic tank and et 
sufficient ame 


‘When sobent front has moved to Mth ofthe length ofthe paper, paper is mow 
the unk 


+ Sohvent foot marked with a pencilline and paper is died. 
+ Thespos of inks can be seen on paper 
For each typeof tok R, values can be calculated by using the formula 
ig = Desanee tee by 8 parca ink fom base ine 
Des tance traveled by the solvent from base line 


ue 


Eins ction omg, === Stet Samiti Pot 


cerita Iechniees in Chemie 


HELLO! Mr. Question here! 


Multiple Choice Questions 
‘Gooch cucle made of are Bes te 


10, 


u, 


12 


1B 


a 
Bo sare test ? 
a A oe cer 


‘Which one of the following substances is used as decolouriing agent? (Gupamaala Bead. 
£2008, 2008: Maton Boor, 2013) 


(a) asbestos {b) conc H,SQ, _—_{¢) animal charoal__(¢) silica gel 
‘Substance thet does not show the process of sublimation is: (Gxrmeate Bowrd 2021) 
(a) KiCn0; (0) iodine (©) naphthalene (a) NHC 
Insoluble particles can be separate from liquid by: (Malm Board, 2011) 

(a) Sublimation —(b) Solvent extraction (c) Flration (@) Crystallization 
The drying agent used in a desiccator is (Ramipindt Board, 7019) 

(a) Nact (b) KBr () CaCl, (2) Boch, 


‘Which of the following is purified by sublimation: (here Bean, 2009) 
(a) Naphthalene (b} Bensoic acid (e) Ammonium Chloride (d) all of these 


loatne dissolve in water in the presence of Kl due to formation of which one ofthe 
following species? fataabed Boor, 2020) 


@h ot ow ay 


‘That chemical analysis in which all the elements present in a compound identified is 
Calle (Fated Hoard 2010) 

(a) Quantiive analysis () Qualitative analysis 

(@) Gravimetne analysis (4) None of these 

‘When hot saturated solution is cooled very rapidhy We get. tampa Bean. 2010) 

(4) medium size crystals () lange size erystats 

(6) premature crystalization ofthe substance (@) no crystalzation 

‘The mast common solvent used in sohent extraction is (Falah Beard £011) 

(a) Acetone (b) Ethanol (c) Recaited spint () Diethst ether 


Chromatography in which the stationary phase i quid is called: (ahere aan 2007) 
(a) adsorption chromatography _(b) partion chromatography 
(c)-column chromatography (@) none o these 


of 


‘cotless Cham Part 
imation? 
114 Which ofthe following substance shown the property of sublimation? (Sarodhe Borg 


2010) 


(a) Nac (oy NHC (e) Cvs, a) CHCOOH 
15. Inchromatography the stationary phase (0.6. Khan Board 2010) 
{a} isa solid (isa liquid 


liquid 
1 ape igus orgs el may besoldor tid 
aad dying agent in desicators aban Dor 2010) 

# a Reoho! {b) conc. H,SO, {c) 50% KOH eon " 
17. A component having small value of K (distribution coefficient) mostly remains in the 

coin Hace _(b) motile phase (c) chromatogephic tank (solvent 
18. Chromatography in which stationery phase is solid is called (Sergodha Board, 2014) 

(a) partion chromatography {o) thn layer cnormetogropty 

(2) edsrton chromatography (a) paper eromatosrapty 


‘Answers to Multiple Choice Questions from Past Papers. = 


rae ie AE a ee 


Detailed Explanation of Past Papers MCQs & 
answers to all Past Papers SHORT QUESTONS in 


COLLEGE CHEMISTRY OBJECTIVE BOOK! 


‘SHORT QUESTIONS FROM PAST PAPE! 
(QUALITATIVE, QUANTITATIVE ANALYSIS. _— 
(1) Differentiate between qualitative and quantitative analysis (tian Board 2011) 

(21 Give the major steps forthe complete quantitative analysis. (mutton Board, 218), 
(3) Name diferent methods for separation and purification of a compound 1D.6- Keen, 
4008) OR Mention various experimental techniques which are used for the Pur 

of substances. (Lore Beard, £007) 


{NO LONG QI 


_ 
se 


‘uarion — 


(1) What do you mean by (a) chromatogram, (b) filtrate (Raalpind! Board, 2012) 
(2) Whats fter medium. Name tio. (Rastpnd! Bowe, 2012) 
(3) What is meant by fitration and fitration rmedium (Matta Board, 2012) 


‘Exosrimentl Technine tn Chemin, 

(4) Media used for fitration should be selected on the basis of preciptates. Exploin 
(UaboreBoer. 2013) 

(5) What should be the size of stem of the funnel used for ftration (Behasolpur Bord, 2008) 

(6) How we con run the process of tration smoothly (Fatlabad Board, 2009) 

{7} Whats fluted fiter paper? Give advantage of is use. 10.6. then Boor, 2011) 


(8) Define fitrotion. How fluted fiter paper is prepared from ordinary filer paper? 
(Sergodha Boord, 2010) 


19] Hou does Gooch crucible increases the rate of ftration? (Sergadha Boer 2008) OR 
Expletnjitration through Gooch crucible. Racalpinat hoerd, 2011) 


(10) Differentiate between tration by Gooch crucibie and Sintered glass crucible, 0.6 
hen Board 2010) 


11} Why sintered glens crucible is preferred to Gooch Cruclble? itukan Boerd, 2012) 

{12} Concentration HCI and KMnO, solutions cannot be fitered bp using fiter paper. 
Discuss (Guronscle Boerd, 2011: Bahasalper Bord, 2011; Fatelabed Beard. 2012) OR How can 
HCl and KMnO, solutions can be fitered by Gooch crucible? (Sergodha Boo 


2013) 

‘CRYSTALLIZATION 

11) What is (or Define) crystaliztion? (Fatlabed Board, 2000; Gajrenunta Boord, 2008. Serpoo 
Bowrd, 2013) 

(2) Mention the major steps involved in crystallization. (Rewetpind Board. 2007: Latore Board, 
2007) 


{3) Give the main characteristics of the soluent used for crystallization (Lahore Board 209 
Folsalabed Board, 2009: Faualabod Boerd, 2010: Hulton Boord. 2010: Gulonuale Bocrd 2010. D.0. 
han Boord, 2012; D.G. Khem Boer, 012° Asod Kashmir Board, 2012: Bahmwsipur Beord, 2012 
Gufrenuala Board 2012) OR Give the salient features of an deal solvent. ’Sargedhe Board. 
42013) (NOTE: Semeiimes tue oF faur chorectersics ore asked) 


(4) Name jour (or eight) important soluents chosen for crystallization, Petecbed Boord, 2007: 
Rasalpinal Board, 2011: Latore Boer, 2013) 


(8) What is disadvantage of sow cooling in crystallization? (Fatslabed Boert, 2013) 

(8) Describe method to collect crystals from mother liquor Sargodhe Beord, 2011) 

(7) How vacuum desiccator is used 0 dry the crystals (Multen Bowed, 2008: Bahawalpur Bord, 
2009: Sergodhe Boord. 2013) OR The desiccator is safe and reliable method for drying the 
crystals. Explain (Lahore Boord, 2012) 


(8) Name two drying ogents used in vacuum desicalor (0. han Boor, 200%) OR Nome the 
chemicals which are used as dryig agents in the desiccator? (Multan Board, 2011) 

(9) How can you remove undesirable colour from the crystals (Mahan Bord 2007, Rapin! 
Beard 2007; Beharajur Board, 2008. Guirensale Bord, 2008: Rauatpnd! Boar, 2010) OR Flow 
the colouring impurties are removed from a crude substance? (taalpindi Berd, 2013) 

‘SUBLIMATION mee 

(1) Define sublimation uth examples OR What is sublimation? Name any two eablimotes 


{or sublime sollds) (Lehore Roar, 2008: Razalpnd! Board 2010:D.G. Khon Board, 2012: 
Gufrmsale Board, 2013: Lavoe Beard 2014: Muon Board, 2008: Bahaealpur Baar, EON. Zargedhe 
‘Beard, 2016: Sorgodho Board, 7009) 

(2) Define sublimand and sublimate, Lahore Bord. 2014) 


‘Cotes Ghent Pad 


8) 
a) 


8) 
© 
a 


EE enmartmarca Techmie a chemi, 


Jan the proces of sublimation, Paid ort, 208 
Fa rene can be rfid? Garman Doe 108 Reno Dot 209, OR 
a ass be pared by sun, Why? nana ert, 200 
ihe penance of subline Bow 81) 

Gi ad ecne ses? gern expt Bow 3207) 

Hae peeen subaton and condersaon en Beit 20% 


‘SOLVENT EXTRACTION, DISTRIBUTION LAW, 


a 


Whar is solvent extraction? (Asad Kashmir Bowd, BOI: Lahore Board, 208, 2013) OF Sice 
soluent extraction and give importance. (Sergedhe Boar, 201 


5 Wr law (or Partition lau) and how it is helpful in solvent extraction? 

1) Dafne i cl Bl: awn Bad, Bt: Sethe Pows, 
[epece Bear, 2010: 3.6, Rha Doors 2012; Goreme Board, 2014) 

(2) What & dlarbueon coefficient? To which technique itis applicable. (Gu)emade Baek 
2008: ©. Khon Boor 2010) 

(4) Iodine more soluble in water in presence of KI. Discuss. Faatabed Boor, 2011) 

‘CHROMATOGRAPHY Z 5 

(i) Define chromatography and give formula of distribution coefficient. (Gayrenedt Bert 
2010 

(2) Whatis chromatography? Give its tuo types. (06. Kian Bow 2007) 

(8) Define chromatography and explain adsorption chromatography. (Multan Boor, 210 

(8) OR What is adsorption chromatorgraphy? (Basser Board, 20 ~ 

1e/Difjerentiae between adsorption and partition chromatography (0.6. Khe fort 

Oe eins Sort Man Berd 10 Soran Baars 01,2010 Lar Br 1 

(6) Define (a parttion law (or Distribution kaw) (6) chromatography (Malton Boerd 2019 

(7) zo 

(8) Diferentiote between stationary and mobile phase (ulin Board, 2009: Fatlabed Bt 
12013: uramusle Bow, 2014) a 

19] What do you know about R, value of a component in poper chromatog 
(Gxpeneats Board, 2013) 08 What is R, volue? Give its formula, (uten Boor. 007 
What is R, value? Why it has no units? ‘tatore Boers, 2008: Bebandipar Som 
Faceted Boord, 2010: Fela Berd, 2011; Matton Board, 2012) 

(10) Give two applications of paper chromatography (Behastpwr Board, 2012) or 

(11) Define chromatography. Give Its uses. (Gxrmmele Boor, 2009; Lahore Boor, 20 
Rawalpind Bord, 2013) 

(12), R, value is always less than 1.0. Comment on it (Flefebed Boor, 2008) 

(13) What isthe role of stationary phase in chromatography? (Sergede Board, 2007) 
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Ie}rae cleans (rete scaston ETSGTSTPROpinc) 8) nanwe co ter per 
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‘0 Pophona eho Cau spa) None 


(2) Acomponent hang smal le of (Sabon codicent moat emis wih 
{atsiatony phase To) Mobir tne Guonmiagephc ate) Nef ee 
(3) Whack he owing substance shun be ery of maton? 
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(a) Wen veparatng eco ed wp Denbuion Las? 
4)cpstalanton b)aubimaion e)sobe exten 
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a 


4) aration 


(0) 


2) enptalaaion ) Fitton) dtaton 
tow) The soe methad of dryag esi Bye 
shove te poper sight 
{rt} Which one of te foineng abana i wed declaring agen? 
s}esbesos bj cone 80, arial charcoal) sa get 
loi) Paper ehomatogorty is» 091 
2} aderptionchrometoenby |B) parton comsigrphy 
«latent chromatography 6) bth (0) and (8) 
Tine 2:10 tre rir 
ses Oat ef Guetes 2.3 and 4 ete ay TWENTY TWO) str soma de ting ase te ain 
‘ae carcay (eas tines 
‘e 2 


[RF Anrwe: any Eight part fom the folleetog. 
) Why is there a need for cnptalizng a wbstonce? 
"Sintered gas crcl beter han Gooch cache, Why? 


‘alleen Chemie Peet = Esparimantal Lechaloves ty Chen 

(i) Diteretne ba edsrpion& partion chromatogrepty 

{iv What ere diferent methods ued dry cet? 

(6) We down the uses of chomatogrepy. 

{6 What er the major ap fox complete Guantative deeineton ofa same? 

{vil Name the solvents commonly use in ystalmtion 

[ha How the undesirable colour can be rove inthe proors of cystallzntion, 

(ia) Dileredate brween quale and quaaitaiveenabes 

(a) Name the substances tat can be pared by the proces of sublimation. 

(i) Wri down the dtbution equntn for he ctrbuton of bh: CO, and H,0? 

(i) Wha anahteal chemist? 

(GS. Anew ay Eight prt from flowing 

{i How does Gooch Crue ereaaes rate of tation? 

(Why hed Miter papers used? 

{ti Why conenteted HCI and HMO, soon cannot be fitered by Gooch Crucible? 

(ih) Wie the nam of the major sept evcved in the crtaliation? 

(0) Whats other bqu? 

(sa) What the af nd relable method of drying vel? 

(ca Why cystalaaon fa? 

{sl Wie down the main characteris ofthe solvent wed for eystalzation? 

(a) Deline datbuton Law or parton Lau? 

(8) How the monure of raphtniene and sands seperated? 

(5) Whats ether exmcton? 

(ai) What paper chromatogaphy? Whel ares hypas? 

(04, Aner any Ss pars ror te flowing 

How Ry vlue i eledaied? 

(@)_Detna sublimation with an example? 

9) Slate sobent enrocton and ge fs importance? 

‘ (Ws) How fer mada sled fo flraion? 
(0) How sah of dcbution coefficient flac the separation of components of a mistre in chromo" 
(4) Why hot Bouton is necenary dusts exalizaton? 

é (1) What chromatogram? 

{vil Describe mathe colect cysiak om mother quar? 
(3) How ine i dched in ner? 


Section = [L(Atompt any tres questions) (8x 8)=24 
Qn) We doun ve cares for an eal svt fx eallton? 4 
(0) What ath dandvartge of ow cooing in elit? ra 
{c) What is the baste principle of crystallization? ‘ 
6. | What dstrbuion lu? Gre namie 
{8 Dane tbe 
nth attra 8 onto o 
2 


| What ac the importa! cosiertons for 8 god rattn proces. oat 
(©) Why pesied exbacon sng smaller poor fever ere more nail ba ns 4 gy 
‘extraction with larger volume of solvent? yo 
gn ore eaten cin ou? asia 
a) How many diferent wey ort 1 cry ou oper chromatography? Bly ¢ 
— ‘procedure for excending paper chromatograph, ait 
{0) Stam cl anrtn raion shoul be sever inches ong, Why? 
{c) What type of substances cannot be fillered through Gooch crucible using filer paper? 
9.0) What arte commen labora erpenetl ches? 
(6) solid onpne compound is olubei wla x wel ean eNoroforn, Dring Pe 
'nsquepu liye, Dvr 8 mth to bin it rom he lye 
(0) How wil you prope led filer paper? 


STATES OF MATTER 
Properties of gas: 
Properties of liquids 
Properties of solids 

Units of pressure 

GAS LAWS 

Boyle's law 

Experimental verification of Boyle's law 

Graphical explanation of Boyle's law 

Charles's law 

Exporimental verification of Charles's law 
Derivation of absolute zaro 

Seales of thermometry 

GENERAL GAS EQUATION 

Ideal gas constant ‘R’ 

Density of an ideal gas 

AVOGADRO'S 

DALTON'S LAW OF PARTIAL PRESSURE 
Calculation of partial pressure of a gas 

Applications of Dalton’s law of partial pressures 
DIFFUSION AND EFFUSION 

Graham's law of diffusion 

KINETIC MOLECULAR THEORY OF GASES 
Explanation of gas laws on the basis of kinetic molecular theory 
KINETIC INTERPRETATION OF TEMPERATURE 
LIQUEFACTION OF GASES. 

General principle of liquefaction 

Mothods for liquefaction of gases 

NON-IDEAL BEHAVIOUR OF GASES. 

Causes for deviations from ideality 

Van der Waal's equation for real gases 

PLASMA STATE 
Objective and short answer,questions (exercise) 
Numerical 


Test your skill 


‘atter exists in four states 
Gas (u) Liquid (a) Sold (ts) Plasma 
Liquids are less common than solids, gases and plasmas. Its because the liquid state of 
‘any substance can exist only within a relatively nantow range of temperature. 


1, Indefiite Volume: Gases have indefinite volume, The volume of the ges is ecu to 
the volume of container. 

2. Indefinite Shape: Gases have indefinite shape, They adopt the shape of the 
container in which they are stored 

3. Low denalty: Gases have low denstes than solids and liquids. Thus gases bubble 
through liquids and tend to rise up. 

4. Joule-Thomeon Effect: When gases expand suxidenly, they cause cocling. This effect 
is known as Joule-Thomson effect. Ths efect is used in the iauelaction of gases on 
Industral scale. 

5. Egusion & Difuston: Gases can effuse and difuse, 

5. Effect of Temperature: Gases expand on heatira & contract on cooling ie, increase 
in temperature increases the volume of gas & vie versa. Liquids and colds do not 
show considerable Increase in volume by increasing temperature. 

7. Effect of Pressure: Gases expand on decreasing pressure and contract on increasing 
pressure, 

8. Gas Pressure: Gas molecules are in constant random motion. During their motion, 
they collide withthe wall of container. These colisions develop a pressure called Gas 
Pressure 

9. Intermolecular Forces: Gases have very weak intermolecular forces. 


Psticn of Livsit] 


L. Definite volume: Liquids have definite volume 


‘Colame Chemtetry Pat =a Sag 
2 indefinite Shape: Liquids have indefinite shane, They adopt the shane oo, 

tonuainer in which they ae stored 

‘Constane modion: I iquids, molecules ae in gonstant mation. Eveporaton xg 

Gituson properties of liquids are de ths motion. 

4 Dena: The ets is rei han ess and cose 0 os 
intermolecular 1 intermoleclar forces among the liquid meters ae 

5 terme fe Tia ys The neling pms a ling ais 
Iequids depend upon the stength ofthese forces. 

6. Spoces: The spaces among the liquid molecules are 

7. Kimatc anergy: Liquid molecules have KE. Liquids can be converted into sli 
fooling Le by decreasing the KE. ofthe molecules 

8. Cottons: Molecules of quid glide with ore another and gxcharae enes. 

9. iusion: Liquids can difee into other liquids, However, the rate of difisions 
smaler than that of gases. 


3 


salable just ike sods 


1, Definite shape: Solid have definite shape, 
2, Definite volume: Sold have definite volume, 

3. Spaces: Molecules of solids are very close to each other. They are tightly packed. 
4. Incompressible: Solids are incompressible due to tiaht packing, 

5 Intermolecular forces: Solids have strongest intermolecular forces. 

6. Vibrational motton: Solid particles on'y show vibrational motion. 

7. Diffusion: Solids have negligible rate of dlfusion. 


‘and Units 
Pressure isthe force per unit area, Le. P= F/A 

‘+The St unit of pressure is Nm“ ( Pascal ). 1Pa=1Nm-* 

‘+ The unit pound per square inch (pi) is most commonly used in engineering wot 
++ The unit milibar (mb) is commonly used by materologist, 

+ plt.ghemical work. pressure is defined in terms of standard atmospheric pressure 


ssn en can seo 
Ene cay oaeacetene tam tate cc 
tote. 


or osm bg Sean merelgy ae 
Its the average pressure of atmosphere at sea level. Its symbol is ‘etm’. So, one 2! 
an suppor 760 me column of mercury a! va level 
Imerconersion ofcrlous preasureuntie 

1 cam = 760 torr = 760 mm of Hg = = 101325 Nm = 101925 Po = 101 
(hlpasl = 14.7 pound inch tone 


ro 


—~ = > 


‘cee Chanter Pact Geet 


‘All gases behave uniformly. When pressure and temperature are changed. the volume of 
‘gases is changed. The gas laws describe this uniform behaviour of gases, 


The relationships betioeen volume of gases and the external conditions like 
semparature ond preaeure are called the gor lave. 


‘Enrdoe 08. SS 
Whet ts Boyle's ow of ase? Guests experimental verition v 
Pct 


Robert Boyle gave this law in 1662, It states, 


At constant temperature, volume of a guen mass of gon Is ieersely proportion 
the pressure exerted on It. at cae 


Matera Ve 


(When "and ‘are constants) 
k 


P 


or PV=k___(1)(When TT and ‘n’ are constants) 
Eq [1) gives another statement of Boyle's law 
ei gotanttempersiae, the product of premure and volume of«gtoan mous of «soe 
lithe pressure of a given mass of gas 'Py' and vohime 
‘o°Pe, volume Is changed fo Vy’, such that 
So PiVi= PaVe 


SAE 


* Consider a gas in a cinder fted with a movable 
5 4 movable piston at 25°C. The cylinder is 
wth a manometer to read the pressure ofthe gas det, eee Re 
Letthe inal volume of gas encosed in clinder sd and pressure is 2 atm 


+ then by changing pressure 


a 


es SSS = 


Stem Chemie Pat = & 
Then according © Boyle's law 
P= 2+ 1 = 2am dm? amm= k ide 
“+ When pressure is doubled on the gas, fs volume becomes 
Tas P = 42mm and V = tidm* 
Therefore 
Piva 4 «Se = 2am de? ‘ 
= Sendarty pressure is tripled fie. 6 atm) on the gas, its volume is reduced to 1/0 
Therelore 
Pia 64 13 = 2ammdm? =k 
Stace product of P and V te aheays constant. Hence Boyle's lw ls verified. 


7 
arng «come of 10 dit le encloved In cone! et OPC and the preamare es 

‘Setphare. The gor ts sled fo expand ntl the new pressure te 2 simone 

‘Thor wll be th nee coleme ofthe gos. the Lempercture la malntoined ot 273 KP 


1), thus according to Boyle's law 


25 atm » 10 dm? 


Zaim (i2in"] : 
Pil explanerioned Hoes tol “B 


Exarciee Q4. (b) 
What are otherms? What happens 


0 the postions of lzotherms when they ae BUH 


i 
‘igh temperature for  partevor gas? tahore Beant 
+The plot of volume of a soe 


‘988 on Y-axis and pressure on X., {| \\ 


‘es at constant temperature (e.g. at O°C} gives @ curve 


sailed iotherm. 


* 1s graph i ploted a hicher consent emperatue (e.g a 
1 25%C), then the curve goes away ftom boll anise 


(fle Chemie: Pot} = Games 
because, at high temperature, the volume of gases is increased 


Similarly. if curve is ploted at further higher temperature, then the curve further goes 
away from the two axes 


Enercive 04. (2): 
Why do we get a siaight line when pressures exerted on a gos are plotted against inverse of 
volumes? This stoight line changes its postion in the groph by varying the temperature 
ustiy 
‘Graph betocen P and 1/V | ; 
+ The plot of pressure (P) on Y-axis agent inverse volume (UVLof a 4 y 
925, on X-axis gives a sraight line It is because increase in pressure 
decreases the volume hence inverse of volume increases. Thus, P's 
directly proportional to LV. 
‘+ At higher temperature straight line becomes closer to Yuaais It is ye 
because at higher temperature volume of 2 gas is QUEUES 
Increased, therefore, 1/ Vis decreased, 


‘The straight line passes through the ongin because when the pressure is close to zero 
then volume is 0 high that 1/V is very close to zero, 


‘Sravh between PV and P 

+A plot of! on X.anls against PV" on Y-axis will give 3 
straight line parallel to X. as. The sight line shows that‘ 

constant quantiy 

‘At higher temperature, volume of gas is increased. But new 

value of PV also remains constant, Thus, a straight line paallel 

X-axis is again obtained at higher temperature. 


This straight line helps us to understand the non-idea! 
behaviour of gases. 


Boyle's Ie te only opplicabte to ideal gases. x 
Exercise Q5 (alr ia 


Whet ts the Charles's law? Which scole of temperature Is used to very that VIT = 
{pressure and number of moles are constant)? 


‘Chartes.a French scent, cave his law in 1787, 


states 


‘ate Coane Pat Lal 


Sm 


‘ps comment pram, the vohume of « fixed mase of go le directly proportions 1 hy 


Eq, (1) ako shows that 


‘At contami preseure, the ratio between the volume of @ gloen mass of @ gas and is 


‘cholate temperature ls chops constant. 


Et) 
The graph benween V’ of a given mass of gas and T wil be a straight line. Iti because, 
“V's directly proportional to the absolute temperature, 


* Consider» gas, enclosed in a cylinder fited with a moveable piston. At temperaturé Ts 


the volume of gaa is V;- 


+ By increasing the temperature to T;, ts volume is increased to ‘V3’. The pressure on th 


platon is hept constant. 


r 


ete Chto: = oe 
+ Its observed that rao benween volume ofa given mast of ga and temperature remains 
‘constant at constant pressure 
Yow 
mG, 


This equation only holds f temperature is on Kelvin scale. 
Example 


Consider the following data for @ gas when the temperature is on Kelvin scale, 


CERO 0x2 | 0 | 
$.. @ Ee 
UT td 


Hence value of Y ialvays consont, 


However-if temperatrue is taken on Celsius scale, then the above relation isnot satisfied 
8. Consider the following data for above gas when the temperature ison centigrade scale. 
vide) CN Md 

recs # 


VI dnt 


Hence, value of ¥ doesnot remeins constant 


‘Thus, Charles's law is only obeyed i temperature is on Kelvin scale 


210 em? of hydrogen ie cooled from 127°C to -27C by maintaining the pressure 
a 


ant. Cateulate the naw volume of the gas at low temperature. 


Me? 


= com 
Ty= -2PC+ 213 296K 


Coles Chemists Pet 


y= 12rtC+273 = 400K 


According to Charles's law 


ant “i e 
Frente 06 (oh e— 


What is Kelvin scale of temperature? Prat a graph for one mole of « real gas to prove that 
{gas becomes liquid, ecrller than -273.16°C. (Graphical Explanation) 


The hypothetical temperature at which the volume af all gases becomes rero Ie cold 
absolute zerv. 
lisvalue is = 273.16°C = OK 
For routine calculations the value of absolute zero is taken as -273°C 


Morhcinorieul Laplunntions Quivatitive sictevnent of Charles's ta 


‘At constant pressure, the colune of a glven moss of on Ideal gas increases > 
decreaaea by 17275 of lta orginal volume of OFC for every °C rive or fall ln tempera 
raapectioly 


27347 

Thus Volume at TC = Vy = vo( 22887 
ve at Vr ve 213 } i) 
where Vy= Volume at T°, T= Temperature nC 


Therefore at -273°C 


Van vo 5528) -0 
+The temperature -273 °C. ls called Absolule Zero of Keivin scale. ‘Thus volume 


becomes 1era al absolute sero, 
Absolute zero can never be achieved, It is considered as t t temperature. Its 
Independent of the nature of gas aanelaasindis sh 
rea 


CChaites's law isnot obayed when the tem po 
perature ison Canlgrade scale. For tht 
Kevin wale was developed with OK = 273 . 


foo 
ae 


[0s J Gases 


+ According to Charles's law, when a graph is 
plotted between ‘Vand Tor a ges, a gzaight 4 
ling ¢ obtained y 
© This line intersects the temperature axis at 


273"C, which is considered as the lowest 
Femperature ae 
‘+ This temperature is achieved if the substance Ce 
remains. inthe aaseous fom, But all gases liguey 
‘before reaching this temperature. a war) 
4+ Thus, the lines ofall the gaces ae exiapolated, They mest 
‘T’ axis at -273.*C at which the volume of all gases ye eteaeea 
becomes zero. However, it can never happen for a real 
gas. Thus, -273 °C is taken as zero of Kelvin scale and it is called absolute zero. 
+ Gonorally, greater the mass of the oxsateater willbe the slope af the line. It is because 


greater number of moles of gas occupies more volume, 


iy 
ml 


oo 


The branch of aclence which deals with the meosurement of tem 
thermometry. 

‘There ate thrae measuring scales of thermometry 

 Centrigrade or Celsius Scale (Mm) Fahrenheit scale 
(Centigrade or Cetslus Scate (°C) 

‘The temperature measured on this scales is represented by °C. 

On this scale freezing point of water's marked as 0°C and boiling point as 100°C. The 
distance between these two ends is divided into 100 equal pars. Each partis equal 1o 1°C 
(t) Fahrenheit Scate: (°F) 

‘The temperature measured on this scale i represented by *F. 

On this scale, the freezing point of water is marked as 32°F and boiling point as 
212"F , The distance between these two ends is divided into 180 equal parts, Each partis 
equal 10 LF. 

(Qi) Kelotn scale (K) 
‘The temperature measured on this scale is represented by K. 
Interconverstons of diferent scales of thermometery 


5 
= Bop -s2 
wce5l ’ 


amy Kelvin Scale 


Fahrenheit to Celsius 


Celsius to Fahrenhet Tegiotss 


*C4 273.16 


Kelvin to Celsius and vice versa 


(it Contes Pad = ss 
Tavs OF) 
Warts the genera! gos equation? Derive itn varios forms? 
GEREN GAS COURT 
a 
a the te vale i; pressure, temperature and volume cn te 
Fo eo tion know as “General Gs Equation’ “Ideal Gas Equation” 
ecoting to Boye’ aw 
«ar cnatant temperature, volume of@ sven maze of @ gon It 
tothe preocre exerted on BLE 


vot (at fixed T & n) m 


‘According to Charles’ law 

“At constant pressure, the volume of a gloen mass of a gos is directly proportional 
the absolute temperature.” ie 

VaT (Atfwed P&n) (2) 

‘According to Avogadro's law 

“The colume of @ go8 ta directly proportional to the mass (moles) of the gus ot 
constant temperature and pressure i. 

Van (AtfieedT&P) (3) 
(Combining eq. (1), (2) (3). 


versely proportions! 


Eq. (4) is known as general gas equation, 
For 1 mole of a gas 


fad 
PVERT o © 
eR 


HPN & T ave changed for 2 gas from P,V; & T, 10 PV; & Ty 


Then BML PAV 
Tt 


OTe bat iad Antes 


As PV=oRT 
A(T" and ‘hare constant then PV = k (Boyle's Law) 


kT 
P 


WP and 'n' are constant then V = kT (Charles's Law) 


i 
es 
ty 


Can we determine the molecular mass of an unknown gas if we know the pressure, 
femperature and volume along with the mass ofthe gos. 


‘The general gas equation is 
PV =nRT a 


Since 
Given mass__m 


Namber of moles = n= Sten mass__m 
mbar of moles = "= Fioteclar mass” M 


So equation (1) becomes: 


Pu-@eRT___@) 
mR 
or =nit 6) 
Me 0) 

‘Thus knowing, pressure (P), volume (V), temperature (7) and mass (m) of a gas, its 
‘molecular mass (M) can be calculated. “ 
Beercise Q7 (eh ‘ 
How do you justify from general gos equation that increase in temperature or decrease 
Ressure decreases the density ofthe gas? 


PAAR NT er 


=r = 
— mt ps ha ad = 
omental 
a = R= 62.4.dm* mm of Ha mat! 1! 
The geeral gn equation on = 62Adoton mat 
pie skT__( re 62a oneal st 
= 
STP 
poteaainaainete aia 7 
T-273.16K Tet = 101.505 Not 
n=10 mole Am? = 1000 dm? _| 
| ‘V=22.414 dm? = 0.022414 m* 
Since, d= 7 10 09, ( 3) becomes | R=? 
f= ae Pv _101325,.0.000814 
Bs af” 1+27316 
mw Re S314iNm mal! or R= 831434 met! 
Herex ‘ 
+ Yeawien remire Pema (7) a8 cece mass (M) of gs, Ws ent (dics | Since Leal. = 4.18, 
teat, 
1 The eon st fa erty cha eal os Sect propertnal 08 ret | So R= BR a mat! 
mats and presewe and inverse propentional io the temperature. So, increase in 'M' om 
(7 wctenan the Jane whe weemes "T iceans Gecrenes the density ut ® = 


Ireveme ws ehatre 


WAL UAS CONSTANT 


cred value of Ks wha iret te nature othe gas, | 
Mcheenss te et AY and “C ! 


se nm A eau fon tne roche oA mop nb SST sing Avscayeie Las 
ecenting We on rai an, BY STE cn whe od myn cnzagies 22,414 dan 
ate 
19 ha 
V-Z1BIA dat 


nM deneaNA 


amare 
B= 00821 du aun me 


‘Thus unit of 'R’ are thus expressed in terms of * energy mol-*K~* 


TT 


+ ‘The value of ‘Ain SI unit 83143 J mol Ki. It shown that fone mole of an ideal gas is 
Present at 273 K and 1 atmospheric presure and its tempurature Is increased by 1K, then 
Mall nbsory 8.3143 J of energy. 

. hte of’ inno $1 unit w 0.0821 dm atm mot" K'. It shows that if one mole of an 


{ine present ot 273 K and 1 atmiowpherke premure ard ts temperature incremserd 
YK, ther twa mbscts 0.0821 di nim of energy, (dt cm ls the unt of energy) 


ia 
Dla 8 
Aeanpte 

(of nitrogen gas ls anctosed in vessel of volume 380 cm at 120°C pressure of 
pelt Nr The gas trandferred o.010 df lack nd cooled vo BPC. Contest, 


ese tn Newt exerted iy the gon ot 27°C. (os art 2008 Mata Bnet, £018) 


da mn Pes = 


= ian «OR emt Vy ae? 
Sets ran s0nT= TC TOK = OH 
Aa? 


BID _ pee E Ka © 


f 38 +30 


—— 
Caml she daly of Cie (g) a2 °C ond 1 ctmonpheric preanare. What wil heppen's 
Soe ea I Ee & Cocaned to BPC, (0) the preonre invest? 
pte a oC. 
Qe ccecias she dena of mathe ot STP. Gane Sor 2010) On Cade the eet 
NS re ond 160 wm Hg premmre. DS Ven Bord 2011) 
a 

Ta0C+ 2K = 23K 

Patan 
Mol mam of CH, Ma 16 mci? 

R= 00821 dam K* molt 


af Dama 08 27°C 
i Te 274 278 = 200K : 
Deeneity gwen by the formula 


16 
reeee Ll Tee 
Tah 
4 = [Cea 
(by Dunuliy of 2 atmowpheric preemare and OC 
T=04273 = 273K 
e 


Ciletote the mase of 1 dex? 


thet Mis to chaning tdetiy 2 NT BO" & S°C ond 1000 mem Hig prancar, comeidaring 


\tuten Boor 2012: shore Board 2018) 


Selation; 
000, 
Ree iDOem Ha = Soya = n 
1000 mm Hg Faq 2m = 1316 abr 
Vetdm® 
T= 30°C + 273K = 308K 
Molar Mags of Ney 
Mass of NH, 
R = 0.0821 dm? aim K* mol 
Mase ofthe gas is glven by 
Pye ™ 
Der 
oma PM 
RT 
1316 «1417 
0.0821» 300 


the sme temperotre and pressor contln eq 
member of molecebes (or moles) = 
So, numberof moles ofa gs is dict proportional os volume | 
le; Van | 
+) it shows that seme number of moles of all gases occupies tame volume: at sane 
temperature & preseure. The volume occupied by one mole of any gor ot STP is let 
molar eokume ond sequal to 22414 do, 
+ One mole of ary gas contains constant noumber of molecules. This number i cle 
‘Avogar's numibr. is value s 6.02 2 10 


Se 
mole lO, = 32g0, = 22414 de® at STP = 6.02 «10! molecules of 
Imola oh Hy = 2016 gH, = 22414 den? at STP = 6.02 » 10 molecules of Hy 


$6, 
1 mole of Oy ond H,cceuples same volume ot STP, hough O; ls 16 tes heave than 

Ite becuse moleces in gases ae widely seperate from one another and have ng 
<enphy maces. The ditance between two molecils i approximately 300 tes the dune 
of the molecle, Thereore, Hoe end masses of gas molecules do not alec the woh | 
Hance, equal moles ofall gee occupy same volume ot STP. 


+ One dn of every oo at STP wl have molec = S210" ao.69 108 meant 


1 spectre and presar sechaoged equally or ll ges, cach gu vt hve 
268"? 1 medacn 
2016 


+ One dint of Hy at STP weighs 0.0899 9 (since FCO. = 0,088) and one dm" 


| 
‘= 1.4384g) but they contain equal nuth™ 


oh oF 


STP weighs 1.4384 g (since 
molecules (Le. 2.68 x 10), 


a. 
wad 


(ESSENCE 


The total presoure exerted by « mstary 
the patil preaauren fall he geass present the Canned meet #1 the sam of 


Let partial pressures of diferent gases in a midure are P, 
Daton's law, total pressure of this mixture is ghaen by Bae 
Pim Prt Pat Py + 


then according to 


The preswure of e8ch got tn a mitur of gases callad portal pressure of thet gos 


Consider four cylinder of same volume each, 


‘Three gaves Hy, CHy and O, are enclosed separaily in thee cyindar at the same 


Let Pretere of Hy 40 to, prea of CH S00 tor an pene of ‘2 100 
ene denen me te nee 30 
mage Raeeeateoree cm eami or 

Ser Oran 

Se hates 


. Soe thee ere no stractve among he mols of hae ge i a mite, hee 
‘ae exerts ls own individual pressure. Hence, total pressure isthe sum of indhdual 
‘reanre of these gases. 


+ Duet t motion of mo n can be applied to each 
anaes ecules, general gas equati applied to each gaa 


RT ond ‘V ore constant foro gases ina méure 
Therefore Py, a ny 


Pony & Ben 


Pos @ Mo, 


se 


alte emis Pot Lo] 


Same 
Hence, pesmur of each ass directly proportional to ls numberof moles 
+ The total pressure of mcr of gases wil be 
P= Pa, +Pen, +Poy 
Rr 
a7 é 
Pa=X,*P,__() 
simi 
Po=Xq*P,__(6) 
We 0, = ny +My + Ay = Sta number ofl he gases wate, Xe and Ny ave the mole cons of respective. Ths. para rere 
on * oy gm A and B Thus 
ee gee of gsis equals mle racton mused ty be al pence 
Very Thee equations canbe wad to detzine the paral rewrote goes na mane 
Ths equation shows tho the total preseure of the mirture of gases is directly propontné 
POR pe pertesrmdoner m Generally or gain» mise of gts, e can we P, = XP 


a Sf ae Erample 6 
Taras O10 ty Thre 2 mitre of hydrogen, helan and mathane occupying ease! of cle 13? 


Sree ft pt ra of 8 eg te nt elt| Te lar ts ra a le et 
emigoniert pues 0 the tcl prem ofthe mtaure Pepectloty. Cabculate the parte pressure in mm Hig of each gos inthe mixcurer 
La detiand Varied Versa btn) | Sate 

Volume of the mixture of gases V= 13 din? 


a 

ew mecture A gees, partial presaute A poy ame can be calculated Mf mass or moet 

(he re ‘ced gresete meh eral rum ch roches oh the gates ore kaon, } Temperature ofthe mixture = T= 3MC + 273 = 310K 
Presure ofthe mixture = Py= 1 tm 


Creatas tio aes hood lerming a mtuce of ges. 

Lo nak presuste ok te eritune iP ad rumber oA moles ny Teint Maser 

4 hile Paciok resmate A gon bs Py ned rumber of mole i, fg AS C0821 che Kt wal 
2d Patil presuace A gos Bs Py ed ures cf rcken ng ier of tes veo 

y Then we can unite RVe nar 


- 
me 
, co 
4 taet 1et8 cosine 
Pa = mit 13} presen tn tnt bar demoed GHL= GST ti 
Drie a (2) by (1) Herat ste 


Solutions) Molar Mas of Hy = 2.016 qmol" 


poi ARE SRE 


‘Coane Chemtera: Part | Lie J 

089 
Spek 70396 moles 
2.0169 mol* 


MassolHe = 012g 
Molar Mass of He = 4 mol“! 


Number of motes of Hy 


0129 
Number of moles of He= = 0.03 moles ee 
4amel ere dal ete fGen nar is 159 tr nd benthing esr, A 
No. of moles of CH, = Total moles ~( mole of Hy + moles of He) ; Ma oe mend eons ane ew le makes breathing dificult. That's wy 
= 051 -(0286 + 0.03) $I 
= 0084 motes | Decpsea dves cannot breate wth noma si nt 
he fans. wea 
Mole Fractions canbe calculated as roars arte et 28 and Osi hich paral press of oxygens ed ee 


NowofdlesofH, —_ 0.96 Fe nerrat il, 50 ater 10 fat depth, the diver terete ane nee 


Se” Toate 076 This, normal ar cannot be breathed in gee ce s: 
Teun” 0 ronmdicedt asa nate se Mos Ranh Sa 
sau = _Bovof mols of He” 0.8 5 ogg 


Total Number of moles ~ 051 ba 
No.of moles of CH, _ 0.084 


a 04 Guess cleed ee wale Dig is poe pin 10 we 
8 ~ Total Nmber of oles ~ 051” 184 ese tual coleted ver uni, Dung hs proces vapcun of HO av mina 
picts Pants The pre Pd fh nt HOt be 
ec pear mee 
= 0.776 x1.00 = 0.776 atm | ‘The partial pressure of vapours in gases is called aqueous tension. 
= 0.776760 =| ° Thus, Pa = Py + aqueuat tension 
l., cr er ee errr) 


Pu =P | 
= 0058:1.00= 0058 ETE TS 
= 0.058 x 760 = [64.08 mam Fig] e 


Th 


Pou *touP tod Pontontoun intarmisng of malacla of diferent govt, due 10 colin, ot « 
| Soe temperture and preanure i cled grt ieson, 
= 0.164x1.00=0.164 atm ® 
= 0.164» 760 = [124,64 mam a] S| Why poses diane? 


plicit of Dalton lune Partial Prec 


1 2 


: When dtret gues ae mised gate, thy wish ohne sae pre ever 
j Ts hy go on ming fo fom homegencas nite wl ea pated pesur one 
| er oe gaze 
Esplan ht he procs of repo ob he lon iw prt prsire __ 
ie : 
ae 


‘©The smell of rose or a scent spreads due to diftusion. 


+The mixing of NOs (a brown gas) and Oy (a colourless ga) is also due to 
difusion as shown in the fig. The diffusion occurs by random motion and cellsion = | 


Eisen] 
eta the escape of gas molecules one by one, without coltstons | 
through a hole of molecular ese, Into a region of fou preaeure. [a 


Why gases effuse? 

“The excape of gos molecules in not due to colision, Hs due oI 
their tendency to escape one by one. Gas molecules are habitual in 
colliding with the walls of vessel. 

‘When a molecule comes in front of a hole, it enters into the other portion of the vessel. This 
‘excape is called effusion, 


Bes G10 4 
How do you differentiate between difuston and effustan? Explain Graham's law of diisin 


itis the escape of gas molecules, on 
‘by one, without collision, through # 
fol of molecular size, Into 2 ri 
cof low pressure, 

It is due to the coliding haba o 
molecules wth the wall of 
container. During collsion, whet 
molecules come In front of a bol.) 
they escape, 

Goses effuse without collision: 


Tffsion Takes place through @ bol 
of molecule sae. 


In this, gas molecules move from an 
‘ea of tis higher concentration to an 
‘rea of ts lower concentration, 


‘Gases diftase by random motion and 
colision. 


Diffusion takes place in all directions. 


| 


‘The Graham's law stats 


a spn 
st a ee a is td 


Pieniend ssl 
1 
we oR 
‘Thus, lighter gases diffuse more rapidly than heavier gases. 


Example: 
NH; gas (molecular mass 17 ¢ mot!) difuses more rapidly than HC 
(molecular mass = 36.5 g mot) ie 


B tcnasivoy 
‘Consider two gases A & B, 
For 90s ‘A let ts rate of difusion is, deny", and molecular mass ‘M, 
For gas ‘Betts rate of difusion i, density 'd', and molecular mass," 
‘Then according to Graham's lw 


Forgas'A" 
neq or a 
cs 
For gos 8 
1 k 
noe ete (2) 
Ta te 


‘Constant K ts same for al goses ot sre temperature ond pressure. 


Dividing (1) by (2), we get 


Where M, and M, are molecular mases of gt A ond pa B respective 


——— 


» 
2 
4 


Take 8 100 cm. long gass tube, opened al both ends. 
Pug acon pee, soaked In NH sluon atone end and colton pecs, sated ing, 
solution at other end 
‘The vapours of both these gases escape nto the glass tube simultaneously. 
The spon ol both NH HCL eile. Bu hen they meet ith each othe, | 
produce white fumes of NH,Cl 

Nii + HCL —> _NHC1 (white mes) 
Determine the distance travelled by NH, and HCl 


s05en 405en 
my Het 


we | 


Calculations 
Molecular mass of NH, = 17 mol-* 
Molecular mass of HCI = 36.5 g ol! 
‘According to Graham's Law | 


fea. [Meo I 
wo VMi 


95, [65 
405 7 
146 = 146 


Hence, Graham's law i verted 


Example 7 a 
250 cm? of the sample of hydrogen effuses four times ox rapidly ox 250 em 
known gor. Colelata the molar mans of emicroun gow, 


$$ irre 20: serps por 


Solution: 
Rate of effusion unknown gs = 
Rate of effusion of Hy gas 
Molar mass of Hy gas 
Molar mass of unkown gas 
‘According to Grahan's aw 


Tehing square on both sides 
aY fief 
Gy -(¥) 

as 

T 

M, =16x2=[32g mol] e 


To explain the physical behaviour of gases, a theory has been proposed known 
kinetic Molecular Theory of gases. ns 


{ itwas futher developed bv Manuel, Boltmann and van der wna, 


. Se on of. 


The main pont of his theony are 

1. All gases consist ‘of very small particles called molecules, Gases like He, Ne, Ar have 
monatomic molecules 

2. The molecules of gases are widely sparaed form one another, therefore, these have ame 
Empty spaces between them. 

The actual volume ofthe ges moles i nelle a compered othe ltl volume of 
eos 

$ Thee ae 

aves independent 

5. The avege IE, of ge moles dsc reprint be mosis 

Eat 


‘among the gas molecules. Therefore every gas molecule 


eS eo 


Sen 
‘Avthe same sempsrature, molecules of every gas have sme avsraae kinetic ener. 
7. Gas moleciies are in consant random mation. They change their direction only whe, 
they calide with one another or with the walls of container. 

8 The collisions of gas molecules with one another and with the walls of container shere, Me molecular 

perfectly elt. ae Me molecular masts T= Abckte Temperance 
9. The preaure of gat due to calisions of gas molecules with the walls of container 

10 The moson gwen by force of grat is negligible as compare to the motion gen by 


om 


Bul Clauss derived the relationship forthe pressure of an ideal gas knoum as bse 
sauaton tis gven as 


ike 
Pedant 


P= Pressure of gas, V = volume of gas, m = mass of one molecule of gas 


The mare rect of mam eqmare velocity te called root mean aquare velocity danoed 
7 caw The vaive of Chas been calculated by using kinetic eq tis given by 


IN = umber of moleces of gas in the container, c? = mean square velocity 
<— | Mulipy and divide LHS. feo (1) by 2, we get 
fy oon 1 pv-2 dane 
The mom of sprees ofall the pose velocities ts called mean square oelocty. a eu 
. E tiere ae 7, molecules ofa gas wath velocity cy, np with velocity and 40 on, then he i 
smear squace veloc 8 guen by | —! 
$5 Meee 
Mean square veloc = ¢t = SL“ Recs MCh Paton 6g (2) in en. (3) 
meres he z 
Whee ny tnytny. = N = to number of molecules. Pus der 
HT = constant 
Way mee oper eahocty fo me? Then PV 
Under e geen condicons, moles of & gm do not have same velocities Aco 
Aierect veces are etnted among the molecules. Therefore, mean square veloc This is Boyle's low. shous that ot constant temperature, the volume o 2 gen mas of 
] (he meen ter {92s inversely propontional othe pres exried on 
| | 
{ Fi eine nus) | mm Sot an ide pane 
4 Definttion | my 


1 
Pvelnne ; 
3 


peconting wo knetc moleaier theory of gies, the average Knee eme f uy 
male .e, mR directy proportional ote sbsohite temperate, 


pas 
janet 
1 
jane-KT__@ 
Malt and die RH. of e9.(1)2, we et 


2K 
~ vB 
MP = constant then 
vekT 
: Vet 
“This is Charles's law. I shown that at consint presmre, the volume of given rast 
‘9 4 directly proportional to the sbeokute temperature, 
5. SE 
Conder equal vchume of two gaaes under the same conditions of temperate 
preseure. 
Let For gat 1, ma is m,, velocity & and number of molecules Ni, 
‘nd For gon Z, mast my, velocty cand number of molecules Ny 
‘Rina equations forthe to gases wil be 


Pv Lied for gas] 


Wet mned form? 
seca? Ve we rh gts 


auld 
amiN.ed= 5 maNrch 


1 
ge 


miNicl=miNecy___) 


For both gases. tthe some temperate, the erage K E per molecule lo same 
Thus (KE) = (KE by 


1 


pel 
Jmd=Jmed 


mef= mack — (21 
Dvding€9 (1) by 2. we get 


suid , me 


mel mech 


Thus, equal volume of both gases under the seme conditions of temperate and 
‘resure, contain equal number of molecule whch Asogadr's ow 
* ENT 


Kinetic equations forthe two gases wil be 


1 
Pve dmg. 
}mve__o 


For male of gas N = Nyand Nqm= M = Molar ass of gu, therefore 


since Mf = 


Root mean square velocity is actualy the rte of difusion of gus 


It shous tht ot constant temperature and pressure, the rate of dfustn fr eft + 
(9 i inversely proportional tothe square root of ts dens, which ls the Grahams 


1m = mass of one molecule of gaa N= numberof molecules 
i= mean square velocly P= presute of gas 
= volume 
ov one malacule the KE. due to translational motion given a8 
1 
= bme___(2 
Be? ) 
ware 
fig © aves varaational KE. of malades 


Pate (2) in 3) 
w 
LAN=N = Avogadro's Number 
a8 y 
Pun FNats wy 
Aezodlng to general gas equation for 1 mole of ga 


PUeRT, (31 
Compare (4) and (6) 


2 
BeNae- Rr 


an 
Br 
ies 2Ny 
Thus tere rect readonhip bse fanaonl KE. end abst temperate. 


Cechtone 
* The temperature of a gas is dlrecty proportional 1 the averege tarslational KE. of is 
js. 
«Tha change in temperature change the moton of molecules of gm 
The proces of heat rane rm hot body to eck body due to colon of molecules 
Mh each other. During callin, hot molelestander the KE, 0 colder molecules 
At avenge rational RE he Dodi becomes Thin, eT to 
«files camer pl 
20 then Eq =0 Le: motion of molecules Hope, which net posable, This 
“mprnre Ciena uo tan hav be seve. Te low enperate 
«fideo far 10s ‘ 
it | temparotre i the measure of ayazane nansaional SE, but i sade, 
sAbuatonal SE. 


Nie measure of ony 


The conversion of gases into qld requice Ngh resure ond lw temperate : : 
«High Pring the moles dos 1 ech ter ce = 
+ Lau temperane decrease the KE. of rclecle. Ths, aacve lores ae dv [apes 
tron and gue ono io fot |r =I 
| ee nen or PTT | 
i TTA ra es Cok 1 
tamperoture ot which @ aubsiance can exist as a Niquld te a CE or | 
Ws deseted by Te [Rin USGL | 
1 
Ce mre raqured to Nou the geo he ere! tampertere weal | _Vetous methods or used for he Lqulcon of gases. These meds oe geremly 
the Cra prosare sua pon Joe Tomson ees 
Win denoted by Pr Se 
Wm a comprased gos ls lloed o expend suddenly. produce cooling, Th le 
saad dou = Tromean ect. 
The sotumeoccuped by one mol of gm ot Zand Pe called Cia Vlune Frean In» compresed gin, acts avn dose to ech othr and ave trcve 
his denoted by Ve foes. When 2 gas Is expended suddenly molecules move away from each other, This 
‘roceas raqultes anergy, whieh Is obtained Irom tne gas isl, hence it » cooked, 
Example, a 
i efor On Te = BLN, Pe = 729. Ve = 95:65 cn? mol“! I kaged upon Joule Thomson fet 
* Und cued ni by poe = 
Imporionee of ec! tmperetre cane 
4] * compres alr about at 200 an) peste, 
’ ease i ere. sca ich cnnel venaobe |." Becta a ene 28 rees ae 
} ee ee econ |, ema is < 
Examples T, for Oy te 154.4 K (-118.78°C). Simlrly, Te for COs w 31.1°C. 50. | * Thi compressed alr is then pased through 8 spiral Ce 
Ne Nee oa ee ey Te Creer err | eer 8 ee ae 
A | Bathory tn Site ow wu mee 8 a 
| sect Pte on ete! tomprtre re Beta Oa a i 
+ Non lavas have kav polazabty and have a vany lu’ Te 04. Te of Ars 15098 port Wendioaaneel sont compression pup, 10 be compres again 
ae te ah ee ty and comparatively hah Tee. Te of NH ‘All gases except Hy and He can be iquetied by hs Process 
+ Thus pola gues ae easly converted nto ud, 


The pew which dow moe 


| ecto Temperetare: = 
S07 Betas sede lt comcttione of tempera, | Athah temper. the gph of hse eal 
a SE ae | rote Tit Bieri "EERE 


These aR no aia ar 
Irate foes mong be ow 


‘Atul volane of gos perils 


ella aa compered tothe ll 
volume of the gaa 


TS fe imegy gov and dow Tb a al wand wm ran 
29.50, Ny 


191 ext naar 


Sis 
Pree crae 


the postulates of Kinetic molecular theory of gases re ful? Point 
of the postu 


tate Wea! 1873) pond out at wo Kal umpteen th rte molar 
08 Fesponsible for these deviations, 


‘ual volume ofthe gas partles i neglible as compared fo the toil volume of gas 


(i) There are no amactive forces among the gas particles. 
i high Presure end low temperature, gas molecuis come closer 
velop atracave forces among them, Moreover, a high presse corey 


& 
Exerciee O18 (a e 
Derive van der Woa's equation for real gases 
dor og Stal made vohime and peste conecvon to remove the defecy ea ge 


‘model and gave an equation of state fr rel gases 


\Van der Waal pointed out that gas molecules 
have definite volume. Although vohime of ges 


4 @ a 
volume cezipied by gar moitet 
(Vo =B) and not V. 


Hence Vi = Vin a) 
Ths Vi. the volume avaible to gus 


le Pla GG 
Lat ‘nis number of me 
lA and B willbe given by 


_13) 
ie 01 AanB preset na ol vokume V7, the conen atone 


Com Gand Get 
Puteg(4J ineq(3) 


14) 


Pedy ) 
Peres 6 


‘TMS Kea gs equation fr I mole vl besome 


For Ha gas b 
(dm af covet approach in gaseous state 
+ For Hy gas‘ the last (0.285) 


TS 


Sse 


0266 dr? mol“. means 1 mole of Hy gas (2.016 g) occupies 0.0055 


‘duet its non-polar character and smal se 


‘Sante 
Uni of bm? mo 
Unie of 
et Noth) | No 
eee mall" mol 
+ Mon St te 


Pa? 


V = 250.cm" = 025 dt > 
n= mole 2 
T= 300K 

R=0. 


521 dr atm K" mol, ra 


P= (Sa ° 
(When the gor le behaving 2 nome, oe should ti the oa der Woa's equation, 

Pe? 

n= 1male 

R= 0.0821 dm eam K-* mole 

V= 0.25 dm" 

T= 300K 

‘2 2.259 atm dnt mol 

b= 0.0428 dn? met"? 


‘cording to van der W's equation 


0.0821 «300 _ 2.2531" 
O25 


a 
P= q25-1(00428) 


P=11899-36.05 


P = (62,94 ten] o 


“Ts presure leer frm el behaviour 98 5-82.94 15 56 atm 


‘A mlasure of neutral particles, postive lone and magaito tectrons i clfed Plas. 


=o Pe 
4 On heating m vd, conve int bi On fuer heating. 
fue had conser ir sopeuts. Tha, the hase of enti | 3 
Cares ee sch ag od then beg to vapeur rrr 
+ Mow d vaporim me har beaked sme ch tem ine decors |? 0", 2 
ted poate tree lores, Hence » mutate of pevial 122 
purl, postive tra od ragaiveeecrora ace produced. Ths | ama | 


{ead Pasa prs 7, 
+ Tern w ced ih temper cx riaiorn 4? yg | 
Lee J 
EE ELT 
— 


fea PP le wnene wade Pls 
epee in nd 
Treamne 13mm bl et plas thane by cin 
Valter bund om at mater Wee mc an 

tape vag tom nn uu wtb ll pal whe 
Macon fat aca ela 

tng sa wel 

Onarh very tad band ning, amen, arr od 
inhi recn sare ee 

4) When oc ret pad ep non gs pecs bo pa and 


2 
3 
‘ 
5 
6 
7 
4 


1. Theonsiss of slgnficant numberof charge paces. Thus respond la both elec and 
ragnetc elds 
2, Motion of parties inthe plaima produces flds and eiectic cument thin plasma 
erty tetas to the density of charged partes, 
8, Plan fis complex eto interactions (tsa rique lascnaing and complex tate 
at 
4 Wis macroscopically neva Aluaigh 4 conan ns and election but that number e 
qua 
Bist el Acie tel tase 
‘Anil! Plao 
+ Mie produced by uly eect chasges on» gt Inrange 
+ Plas a low Tis hard to male. because cutie vcs ow T pn 
sunt ply with any molecule Thus, beth vse nd hard to use 
Naseral Plasma 
I only exits at high temperature on aw temperature vacua. ows nt bran 
‘hu or vee pidhy 
These ve extremely hot (vr 29 900°C mine) 
+ They have wo much ener, tht they can vapors ery material, 


Binh 
Se plasma can respond to bath eer nd age leanne many ses 
1. frercent bul ie diferent rom raga Ig bb. cnet of org ube ld th 
i. When sect is pause trough on. H charges Up the dae The chasing and 
‘ching of gas create loving plasma side e bb 
Neon sgns ate gl tube led with gos When eles paused thrugh the tube 
hares the gat and creates gouingplawma imide the tube The clout of plana 
deverds upon the gas ed 
They are used for plasma procening of verconducton,serlzaton of some maa 
Produc, lamps, sem dlamond coated la, hgh Poet microwave snscen and 
Pd pe min 
EY ee elpul or generation of ecco fusion potion contol and removal of 
ca chemicals. Thus, eps to enn up the emvronment. 
10 ght up. our ofices, homes It heps in working of computen, electronic 
‘xipment 
dives luere end particle accelerators 
5 e29 be used ta panteure fod. 
"uted o ake corrosion rest ok 


(Qi. Miliple-choles questions 
{h Prseare remaining conte, t Wich tamperster he chee of ge il become 

fice of what He at OC 

Bec — APC MEK a 2TIK 
rene Bt 29201 810 Bt 22 Sere Ba 2 Cac 2 2 204) 
(i) Nember of fecals tn one Mie of water cows 

wi $2 to Bebo te) Paro 556. 602 10 
1. ter Bo 01). Wan S201 Rann ae ha 2 Cane a 2 
(UD) Which of he fotlomtng wl hae sme umber a molacalas at STP? 

0) 280 emt of CO, and 280 cm? oO) 11.2 en of Oy and 22 of 2, 


[e) 44g of CO, and 11.2 de of CO (4) 283 0 N, and 5 6 de? of Ongen 
Fed Bot 08) 
(Wu) abaclota temperature of «gus le doubled and the pressure le reduced to one half, 
‘the volume ofthe gas wall 
{a)remain unchanged (b) ncrese four times 
fe) reduce to % (@) be doubled 


Paap Bo, 2010) Men ew 201 20:2) 
(9) How should the conditions be changed to prevent the volume of « given gua irocn 
‘expanding when les mats Ie icrensed? 
{0) Temperature is lowered and pressure i increased 
10) Temperature is increased and prewure is lowered 
{0) Temperature and pressure both are lowered 
{) Temperature and presure both are increased 
(Moe molar volume of CO, i maximam 


Ste (by 12PC and 1am 
pel MC and 2am fs) 275*Cand 2am Decarcenlaes 
thn Ban, 2099 Rape Ba) tee Ba 210 Spa Boe 8,7, 5 2 
‘rnb ere 


(Wil) The order of the cate of diffusion of gases NHs, SOy Cle rnd COs ls 
(Gh NH > SO, 2 Ch> CO) Nis CO, > S0r> Ce 
(C43 30,5 Cr Nils fd) Ne > CO4> Ge > $01 
ont 7, Man Ba 2 nek BM 

(rt) ead maar ot metbame and onygen ee nized tenon conaier a 28% Th 
om of ttal pevereexried Oy RSE 
I aS Is ete 

‘to ar 3 amin bn gcd 


((e)Ganee deviate fom Udsal beer at high preveue, Which of the following g 


[corect for now-idenlty? 
Tal Aha penne. fe ge mclecsln move in one detion ony 
oa ag rns the clson between the goa malaclas rw increased mars 
(eh Atti peur, do lure otha ga becomes iii 
(Gh Ar ugh premurethe nirmolaculratractonbacome saint 

(a) The deviation of a gee from Weal bahaviout Ie maximum at 
I _1PC and 50 aim (0) ~10%C and 2.0 0m 
{e) LOC and 2 atm () 0°C and 2 atm 


(G8) A sea gus cheylng van dar Wella equation wil resemble aa! ge 
1B) beth aad ove smal 
(aie large and bis sah 


{al both 9 and b ave Inge 
(9 smal db lege 


_— 


Speer el ae 


Po edie al 


Ets | 


fenmansnisentowneds [pa teermvnaatne 


ae ed ace 


Meet mince ia | Me ele ai 


Senate on ee 


02. ill in the 
10) The prodive PY has the unit of 
li) Eight grams each of Oy aa Hy ot 27°C wt have total KE in the atc of 
(Smell of eacking gas during leakage rom ga der detected becouse ofthe 
property of 


) Eaguol Of vest gree at the sme trnperaure and pressive contain 


rmbt ol meecles 
(The temperature shone, 


chm wince exit onhy me gos, 6 calles 


Wy 146 ty tant shane eat Mo) een som 


following eeatance o ire o tle. 

(1 of mca zero ot 

(0) ga in. che cra vl 
my Wn the 

(1) oat gases shew Weal ga behave 

(hu) quelque vcs decease in ne 

{u) An ideal gas on expansion wt show Joe Thorn effec 


aut ruth higher preseine athe Water ve to 


tow presue avi ih emperor 
cece, 


x 


‘prt « viraight Hine when pressures exerted on @ gos are plotied opin 
nveree of ohomes? Tha siratght line changes It postion inthe graph by waning ike 


(0) Why do we 


Aapend upon _ 
W Temperoiure of the poe 


Recording 10 Boy's Ino PUK at conwant temperature, When temperature 
ncreauad, volume cl gives masa cf gas increnwed, Therefore, tha product PV here 
‘el alo creme 

(0) Qoantty ofthe wae 

Aecendig 0 Boyia’s 
Incremuad, volume of gat incraoned at censant lerperatue, Tharelore, 
tad hence Kl le icreaae, 

GET Wht The Charhon's Taal WHIGh cate of omperanar fe waed 10 wor ME 
end puter 


na PY=K at constant terperture When quantiy oo 
iat ‘the produet PY 


ve moles ore i 

‘ead on Poge 100 _ ar 

(i A sompla of worboo monoxide ges occupies 
‘constant pressure until oeuples 100 mL. Whot 

otion: 


wi BOC, 1 te then cooled # 
Ia the nau tempereturs?. 


Y= 190 
Ty= 29C4213 = 298K 
ez Chae 


Vy 100 mk 
te? 


1) Da yo think thot tha vohame of wn quanti of @ gos become 
‘no again tha leu of eonsorention of mace? How do you deduce 
tera from Ue Iafermetion? 


sea so connate se hich en 
‘Hoos can nether be croc wor hasiryed 


z an 
Ths vehia ch nom erent ot TRC, ae im hm vb des 


‘ vmperatsce ~ 278°C utineab wt tthe ce wnpertive Thee, 
user on Bowie 070 Of Kahin wake Thus, bahar le oe 

ho hypothetical tempercture wt which th whumas of ll ganas become nave te called 
aes ore. 


Eee 
Tho) What te Kalo scale of temperature? Pick graph for one rake fon @ al pom 


a prove that a gas becomes hgtd, sorler than 273.10C, 
Goad on Poge 108 
{Si tirow soma ight on th factor 17273. Chern’ ts 


‘Raaing o qunntiative sinternent of Chas’, 
‘constant preswure, the volume of 8 gen mass fan Sea ga increases or decrenaes 

by VET oh a enginal volume at (FC for wveny 1°C veo fal in ternperatrecespaciely 

+ Te he 273 ho ge Can 1 pt be 27 rt 


So lor evey °C ru oan temperate, vohure wal creme on decremse by I 
A Me ce AG cn! at, wan te 1p lbw EAB cn? = 2 
ma A 


‘ 


So, for every 1°C rio fal in temperature, volume wl increase or decree by 2 di’, 
Int eass if erperatre decreased Wo = 273°C, the volume of the grt wil become 

{Tha = 273°C tha nar of Kalin scl al called Achar, Hance, 
671219 haw balped in the development of Kevin Seale 


2 te What 


‘lon Page 106 
"9 Con we determine the moleculor mace of wn unknown go Y we know the procors 
Lemperotue and volume atong with tha mane ofthe gu 


ral go equation? Daron it crious Jorma? 


acing The datos of set the wna oF gle 


preprae - Cry 
aime, molecules anew from each cater, ‘wrnall int is 


ne = hae sk i sn NC TOU lt yay, 


SS meee ae 9 ie noe SS Ch a 2 

tnutengeee te L> IE whe near 

ripe ee pepe 

2 Ot see bates a wales ae?” — 
Since = PY 


aw 
| 


Tas R= EOI oy ie a AH 
‘ol > 


(hi Wwe the preamors 6616 8 wd ame in 


a a I 
4 SF pa, Tae ame of Bas of orgy aie B= J ml? 
40 CS mya te sry expend i ts ay and 
Us 6 ag 
Minette, taf Bt be = a MH? 
Henne nes vale AH wil be dias CaS! ii 


Ee ————— 
== 


ramos 4) 
oy Be yo sas ae fH sd J she of iH wb Od Vt 

iy | 
Ae ia A | 


tie A a Ak My Hh yal aly hae Psiyay's vss sf ya 
VO sas 


oe Aovaiily Whaat Fae? Me dF sal sf Li, ss BP Ane aoe 
Sete i's wee ft i04 Nese hota be as pipet OF 
m4 


1 A ME alee 8 eprneaily 30 te rhe sn 
Ts won nc eC ow Oo Cope’ up te mai ae 
#1 palais The wane of we SO) Smomnte spon the austen af mainann hone 


a0" a Delt s hf petal preanara lp oneal by Way Goa ROOT GT 
Lowe surotine Jurcar aevngthemeelos Tape 
Dat a oto ns whch an tha thw ae tract oon 
ti gr alecues Hence, seer yu molecule tines mvapenonty 
On many teen gases Hay have tgp amas hr each car he, eve, 
 molcule moos nidpendaty, ear tu il reseure and us tage ator se 
Hower gases develop any tree los seco on minus tha thew, mean 


26 tbe independant tan ston, Trance, mau suarid by auch por wb te 
‘inv than expected Heri, gases wi stony atrartive lone do it oop Lien 


4 Darn a equation te And wut the parted posse of pe bmg ta 
nae Wf campunsns goats ond the tute preset of the mice 
Soka on Hage 114 


{2 Eat tha the prcean of reopvtionsays the Debin's ls para pressive 
Soloed on Page 116 


pllne + bes dered bataaas Mian ad aise? Enya Grea lw of 
Shed co Page 118 


Lo eseee shina ms tdaed balan Yaw Taanpareiare wd igh preaoary 
ere 


9 Be wa ed sone of she par of Hate ihe they of ous wr 
eit Ves tye postnch 
Ht Wye 13) 


Se 
(©) Hpdrogen and heltam or Ideal ot room temperature, but 50, ond Ch ownage 
How do you explain KP Rowpnd Boor, 207, 2010 Later Bont 


here Boor 29), 
Hy and He have very low liquefaction temperatures. (Hy= ~252.87°C He = 


268.9364) | 
Wh 50, wt Gh hase Nh ton pees, whch Se | 
room temperature. (SO,=-102C Ch = ~346%C) 

Cee © wer low liquefaction temperature of Hy and He, their molecules have negighy 
Seow: for each other at room temperature. Hence, these gases behave iealy at ree 
‘temperature. 

Wl tquefaction temperature of SO, and Cl, are dose to room temperature, these, 
2yPom lemperature, theis molecules have appreciable (orees of attraction. Hence $0, on) 


G16 (a) Derioe oon dev Wasl's equation for real gman 


Fora gut, when presi inend te vie of PV doe nt remain 
Pressure, molecules of gases come closer - man ed 


together, develop forces of attraction, and 
i i aoe ane een tl beavou. Hence, at high Phe staght ne ene 
cae and goes avey fom the premue ax, The nate of ce dept ney ee 
fread gas. 


Hence, the Incompresble volume ‘'s actualy more than the actual molar volume of 
smemolecules, Actually it is four times than thet molar volume 


leb=4ay, 
‘Solved on Poge 132 . 
() What ie the phoretel significance of Vander Wall's constants a ond b gle Hiram (emis, INH, ac teen conlton (nay 30 atm presoure wd Toons Tamparobas} 
oe eo 8 | ew endted by Vander Wane equation the het calclana by orga, 
= uation. 


I van dex Wanls equation ‘a's called as the co-efcient of attraction or atracton | 
{unt volume. It indicates the strength of intermolecular forees in gases. Songer ®F | 
Irummolenuler forces higher the value of‘ and vice versa. Its units are Nimtmal"® 


y } 


(CIS apie the folioaing facta casa 


Ma of FY srs Fo sl conan tempers nd ah Pat 
ener of males of on Mel gan" TG Ser one ve sano Sot 
‘According to Boe's Law Se 
‘At constant T, the product of pressure and volume of a fixed mass of gas 

consent te PVE fs 
Hence, if graph is plotied between P on X - axis and PV on Y-axis, then a sah 

Peralil o X - axis obtained, showing that PV (ork) isa constant quant 


at 
1 Tag ctraah ive tm (a) te parle ta ade and goes tivay From tha preewi® 
ghar pressure, 


(0) Wetercapoure do nat bah val 7S. 
(2.6, Ken Bow 207 Lahore Board 2012 Garant Boat 2012. 201) 


275 IC te teeing pol of wae Mts empentie, wep of nee hac 
ype fran of snacon betvon te Here maar peu bee soho, 


‘980; dato B73 Kat bares eal SIP, 
Mtn Bord 208 Lahr Br, 201, 2613) 
ir © 10240) have considerable 
eraire of 273 Koleos Oy oes 
“sons foreach cher and hus 5 gerbe noni. 


liben temperature is nreasad to 327 K, the forces of tactons among SO, molecule 
“Sretet and hence SOs us thon bil babe e327. 


I-r 


tit? 


x nursberof parties = moles*Na 
Moar Mommy be Molecules tomes of ola masonic mast 
Ps 


pes 
Pv=nmr we FVeqaT 
met owe 


= Tord Prem of misure of gees, = Pata Prenueof goin inte 
5) = number of meso oan rantire <1 — Mole Frcaen fg In mitre 
y+ Tet amber ol melas oa mine o pes 


‘GAG. Helium gon tra 100 cat container « preanare of 800 tor W WORT IO 
i. Hettam goa tno ‘oniainer et «pressure of 600 torr a randiarred to 
He racner witha volume of 20 ot. Whet wil beth es pee nk 

change In 22s (h) a tempereture changes rom 20°C to 18°C 
Eien: 


1d When the Tie not changed 


v 


100cn* —V, = 250ent 
S00tor P=? 


‘According t Boyle's aw 
PM =P 


‘GIT. Whe ore the denen te Kal for following paver of STP” C-O1SEE NTT: | 


278 K, Molaceler mane re ts kg mot’). 
0) Matha 


T =73K 
P= 101325N mr? 
Molar mas= M = 16 g mot * 
16 = 1 
= 79958" = 0.016 bg mot 
R = 8314J mor'K! 


ae 
‘The denaty of gs i given by 
PM , 1013250016 
E3623 
2 Op 
T#27K 
P= 101525 Naw 


Molar mass © M = 32g mot! 
a hemor = 0082 ig mot? 
* Yo00 0 


Re 8314Jmorie! 
d=? 


‘The deaty of gas gen by 


‘RT 8314x273 


Age 


T20K 
P= 101325.Nor® 
Molarmass = M = 2 mot! 
2 tgnot!= . 
Fong '9M2F = 0.002 g mor 


R= B314)mor ie! 
d=? 


101325 »0.002 


Hence, under given condone tht dentist alo th same onder. 


(9 Few do vow a 
Say That ‘of clame opie 100 dn? ot BFC of molos of HH, 
—Gitlew the gan behave idea? 


tia the volume of NH, tbe las oT, tars AB para Ae Sea 
eatin bef esate noms ned on a 


a 
<meta of Kopp olih a vbuna of 625 aot aed «prasars oF T0E Tor TT 
tcreerur off pone ooo o 916 bt od op ee 
ag Rect nal empertre (nic) SSP O78 


Yom 625amé Vy 255 nt 


Tin20°C+2730259K Ty? 
‘According to General Gos Equation 


PAMs _ Pas 
hoot 


ie aTRep 
nee tap 


Ten Bh 3181985 


T= 21946K 


2765 torr Pye 375 tort 


10 
Pe 100 = 29 aime 001316 atm. 


Mam the gem me 12.4mg = 22% 
Re 0.0821 atm. dn mol? K? 
Mo, Maas of gas = Mo? 

‘According to genera gas equation 


ant 
aan 


00121 g 


00021-0871 4298 
Coors 


M -(8835 577ml ‘s 


‘otal number of moles = 1, tea +f, 
'= 1+ 0.386 = 1.286 moles 
Volume of mixture = V= 10 dn? 
T= 273K 
Re 0.0821 atm de mal“! K 


1.286 0.0821» 273 
; 10 
- fata] e 


Cy a 
- Tal The raltvedoaton oar gras ond Bare 115. Pind oat sons af 
Faeeechapne nih oe ins nah 16D oA wt ue? 
"bree dee gs Aad a 118 
Hence dave deny cl ges = d= 2 
‘And relative density of gasB = dy 15, 
Volume of as fied = 150 nt 


Volume of gs B difused = ? 
‘According to Geaham’s Law of difusion of gases 


a. fe 
Vda 


woke of gos Bditined = [5.150 =[ EAT aa] e 


0) Hirdropen Aifeows trough « porous plate oa rate of BOO cn? per minute wt OE. 
What tothe rata of Sfuston of oxygen through the some porous plate OC = 
NE omen ctiyicom = tra = 00 enn 
Rese of citsion of xygen = tor =? 
Molecular Maat of Hy = Meg = 2g mol 
Molecular Mam of Op = Mog = 32g mol-* 


‘Acconding to Graham's Law of citusion of gates 


son, [tie 
a” YMoe 
ox ia, [E 
300 V2 
a e 
f ve [2 «500 = eT) 


Met usion of an wan gee A through a plakola Te found tbe © 
J teenie, f ust of H, though the same pinhole. Cafealete soe molec 


LetRte of etison of unknown gash = ry = 0.279 


Ta OC +273 = 273K 
P= 700 mm of Hg = 22° aim = 0921 atm 
R= 00821 asm dm? mel Kt 


‘According to general gas equation 
Pv= nT 


1 mole of CH, contains molecules = 6.02 « 10" 


[Number of molecules = 10% 
Mass of Hydrogen = ? 


A sirchbeeney abt a Sree 6.02 x 10" moleclesof iy = 29 
a 495% 10° molecules Perdoe OP mokeinatiy = 2 gh 
{molecule of CH, contains atoms = 5 wae 
495 x 10" molecule containg = 5 4.95 « 10" Gy] ° 
| =2075 2 1 atoms] 
For Oy te 
_ Ej - ‘Number of molecules = 10" 
i [I el ef NH, 10°C ends prasvire of 15 oi Massof Ongen =? 
‘ / Shee "602 x 10" molecules of, = 32g 
Ve Lom = 5 dm* = 0.001 dm Therefore 10 molecules of O, Brsrad 10? 
‘T= 100°C + 273 = 373K Seen 
P= 15am (53182 0) ° 
R= 00821 amd mot! * 
aie For 00, cai 
Humber of molreules 10" 
; ia fom of Csbon dioxide = 
‘According to general ga equetion {6.02 « 10 moles of 00, = 449 
PvenRT Therefore. 10 molecules, = ape 
ecules of COp mar 
; w OE Cew Cw e 
ir 
=| 1520001 


Doazixars ~49* 10*mat 


1 mole of NH, contains molecues= 6.02 « 108 


(0.000049 moles of NH, conta = 6.02 » 10 x 0.000089 
= 295% 10! molecules 


| molecule of NHy contain atoms = 4 
295 » 10" molecules contains 


=< 295 « 10 
(Lis 10" tome 


1h Bis Role of Ryo cloned in 08 aed Fak eg BPE 


(9 Ccleulen th 
t \ pressure exerted by ta gos onsuming thet 
i, Gio Behowes fice om dest gee 

G00 betcoas lke a real gor 


4.17 aim dnt of _b= 04371 dt mot” 

Bayete poet det mer! 

O Wien 

ag 
V= Sd 


n= 2md 
Te Zr + 273 = 300K, 
= 0.0821 aan dn? mo 
Pa? 
‘According to general gus equation 
PV = aR 


2nd "b” are 2870 for certain gas then gs i: dakre ber 20148, 


ah eal (6) Real {c) Non -ideal (4) May be any diatomic gna 
1 Bseape out of gat molecules one by one trough thy hol: ates be B01) 
(a) Dftuslon (b) Effusion —(c) Osmosi (d) AN of these 
4 The spreading of fogrance or sent in ais du 10: mapa, $11) 
(a) Efusion (bo) Dituslon (c) Oxnonis (a) Density 
Roem age ee + {Paxil pressure of On lungs (nto (penne ber 2608, 
= 417 aim da mol"* b= 010971 ém® mat ee uae ae a 
| zat ods Wa 9 5: Tecan aon Cha’ ow: xp rs 


(2) volume (b) temperate c) presmure —(d) allo these 
6 Paral pressure of xygen in human hing oer: (Gamma har 31), 


i166 (o) 18 70 
1. The Suni of presse expres in nino 23 Se Bt 21) 
(ah Newt {o) Nm? fc) Nov? (4) mm Hg 
8 Which onl fine mone rap: ar Bt, 80 
a] CO, (b) NH, (e) HCI (a) SO, 
Parag vais Fs 
2 9.0821~300_ 4.17«2" $ 's conductor of electricity: Faiesabad Beard, 2008) 
a tl Bad (61 Poor {e) Good (a) None 
49.26 1668 10 Si unit of pressure is: metpint Board 2007) 
Poe (2) oct) mmbig Nm? {8}. pound inch* 
"Deny ofan ea gus cn be clined by the fom. nd Bo 21) 
Cre PM a oo 
* RT wea fo) doRT @ ey 
‘Aol eo equal ear Bo 2907 
tec (b) 273°C foc (a) 273K 
{Enc os wit ae more rapidly among the flowing? 0. he Ba 8 


ory fe) CO (@) Ney 


Mr 
nee of 00 de! ond Taf 27°C _ alent the pressure of volume ofa reel gas under the nonideal coins, 
“the volume ofthe gis increased to 40 ‘terative netic equation has been developed. This s know 8: ada er 2010, 
compared wo that calculated obove i ar (a putts |! Goer gee fy eharha eoieion 


This because since volume large, therefore molecules will be more widely 
Loelore and they wil have lesser forces of atractions, Hence gat will be more 
‘retare difference form ideal behaviour wil also be small, 


'9 Claus Cepeyron equaton (4) Vander Walls eustion 


15. Am ideal gas has volume 1 dm’ at 303 K. Keeping pressure constant, at whi 


ch Ket 
temperate is volume becomes 2 di tarribe Berd 011) tas 


(a) 240 (b) 308 (a 330 () 606 
116. Which gas will diffuse more rapidly (Spoke Bomd, 2019) 
(2) CO, (0) NHy (@ Ret {€) $0, 


‘Seon Qucatione 
Biv the quantitative deintion of Charles's ou? a 
aia) les IU? (atlatad Beard. 2008: Bobevapur Sourd, 


Detailed Explanation of Past Papers MCQs & 
answers to all Past Papers SHORT QUESTONS in 


COLLEGE CHEMISTRY OBJECTIVE BOOK! 


iS FROM P; 


HORT & LONG QUEST! 


T PAPERS 


Ansivers to Mubiple Choice Questions from Past Papers The volume of a given mess ofc as becomes error ore 
a_i fron Bast co) Boar 207, 100: Laon oe a Rp aoe a SIC Na 
1 |e a 
a) 
ae (1) Wha are diferent scales of thermometry? an Wet thermometry? Name te soles and 
wre dese sed for thermometry. atin Baw 3011) OR How the lavors aos nt 


6).218C raprded say 

FEC rere othe ues posse enpertse. sy » 
{ne fret os caret be sr ony enpeere HIgh sorctebons oe 
() Comat to Patron ecle ramsacttene 

19 Comer GF to Kein enpertare atin ne 018 

2 Comert- 40 te) Centpede ae Fan cle 0. Res ew 01 
18) Contert 20°C 10 *F (Fatale Soar, 2018) 
8) Comer -40F temperate ken enpercie (ani Sone 01 


‘PRESSURE, BOVIE'S LAW, CHARLES LAW a 


eacece \ 
(1) Define pressure. Give its units. (Lahore Beard, 2009: Multan Board, 2009: D.G. Khan Boer, 1! 
‘Seqndhe Bor 2012) OR Compare the different uns of prise, (Smth Bom 20) 
(21 Define Boyle's. Ge ts expression, (enki ts, 209, 2012 Caras Bork 
{3) The product of pressure and volume at constant temperature and ramber of 
consort. Why? (Grpdie Doms 500) oe, 
(4) Why the graph plotted between pressure and volume moves away from pressure 
higher temperature ‘Smpodte Soar 2013) i. 
(8) Why do we get a sraight ine when pressure oe ploted agcnst inverse volume 
(banana Be 209 Ceram oe 211 pe Sere 209) woot 
(61 Grecer the temperoture ofthe ge, closer the reg ne of Peru 1/V the 
Jy thre Board 2007 
(7) State Chare’s Las ond re is mathematica form (tn Ror. 208) a 
(8) Volume of o gas t doubled when temperature W razed from °C 10 275 
(ahampar Dos, 08 


1 


Lona Quaetions 
‘Define Boyle's foe. Give tts experimenta vefction.(ahanaipar Boor, 2033) 


(SERAL GAS EQUATION IDEAL GAS CONSTANT —— = 
q 


EH General gs uation? Derive Wn wrk os On et, 2010) 
Derg the unt of tn gener! gos equation tenth pressure iin arosphere and 
ty une ir? ton Board 2012) 
Galt the vive of Rin ST uit OR Derive the uns or gs constant Bn genera gos 
{BRiton when presure ifn Nr? and volar in tare Bw. 308, 2018 Capen 
‘Bip 20U, 2015, tore hana Bord 20,218 Ren Bon, 200% Rosabe rt 0, 
( Sie eee nore sao) 
Der genera gos equation for ene mole of os? (Oyransls Board, 211) : 


eeeeanw, "DALTONS TAW OF PARTIAL PREBSORE AND 1's APPLICATIONS: 
OV hae 
Avogadro's law of gases? amin awd 010: Sept Bord 214 Lats Bor 
1 DGRORE spain Avogao's lw wth exapl 6 Nhn Bar 2018 
i Daton’s law of porte! presure. Give on example. fatr Bt. 208: Ogre 
Manh22t Bahai Bom, 2101 OB Define Doton's lof portal prewure. Give 


Patematica | Baer, 2011: Aso Kash Boord, 2013) 
Pett = BX asceerae 


a i 


{8 The proces of repeation abe the Datons ou of partial press. Just 6, 

(8) Why pil ore) fee uncomfonabe breathing thigh ete? att Dog a, 
‘Serpe ood 2040, 2010 

(6) Why reguar ce canmct be used in divers tank? tater Boer 2010) OB Explain rece 
(of seo divers breath, (Rewpina Boar, 2011) 

(7) Hew Dali's law of partie pressure i useful in determining pressure ofa 9a coleaa, 
af water? (0.6. Hhan Board, 2010: tn Bor, 2011) 

(8 Exploin two applications of Delto's law of partial pressures (D.. Kew Hoar, sn, 
Gxdrmde Bord 20121 An: Combine St ont 4 

(9) Calle fraction of total pressure exerted by oxygen when equal masees of CH, ond 0, 
(ore mixed in an empty container af 25°C, tahoe Boer, 214) 


‘Lana Qasesone 

(1) Describe Dalton’s low of paril pressure. Wate 1s twoitvesfour applications, tate 
‘Boor 2010: Folaod Ber, 201 Lahore Bao, 2013: Gupmeat Boor, 2019) 

(2) What are the applications of Delton’s law of part! presse? (Seerdhe Bot, 2014 ot 
We doum the oppeations of Dation’s Law of Pat! Pressure. (alta Bam 281% 


{PLAATION OF GAS TAWS ON THE BASIS OF KINETIC NOLECUTAR THEORY OF GASES 


(1) Explon Bosle's low according to Kneis molecular theory of goss. tere Bound 013, 


1 hay nat lol han ein te Abts Lon ep tes 
1h Gee oho law of eifuson fom hte otc tea of ose ee 


aot Qnestone . 

(Beng Grahams ia Exlain Grhom’s aw of cfision searing to kine equation 

(2) Exploin Avogadro's low and Graham's au of difsion onthe bats of Kinetic Moleculor 
“Theory of gases. (ali Board 2611) 

i What kete rlecar theory of gas? Derive Boyle's lw from kinetic equctin 

(8) How are Boyle's law and Chaves law derived from kinetic molecular theory of gases? 
(roi Boor, 203), 


‘GRITICAT TEMPERATURE, PRESSURE, LOUEFCATION OF GASES, LNDE'S METHOD. 


(DIFFUSION, EFFUSION, GRARAMS LAW OF DIFFUSION 


‘Short Queaions 

(I) Define dfuston and effusion, (Pamlaed Bout, 2013; Sete Bort, 2013) 

(2) Diferentiae between difusion and effusion of gase. (ladabod Berd, 2007; uhaeee 
Bowe 2018 

(3) State Graham's low of diffusion and write ts mathematical form. (2.6. Khe Board 18 
‘Remi Bore 2872), va 

(6) Rote of fusion of NH gas ls more than HC! gas, Why? (@aheraipr Bor, 2011 
Lighter gases can diffuse more raphy thon heavier gaes. Why? (Gxjrameale Bo 1 
2009 DG Koon Bod 2005) 


tana Qeont 3 
Ff Define ond verfy Graham's aw of clifton of gases. stele sna, 2010: DO: 
(2) State and expioin Groham's Law of diffusion of gases (Lars Boa £021) 


‘ERETIC MOLECULAR THEORY OF GASES 


‘Siac uations 7 

(0) List four postulates of Kinetic molecular theory of gases. eimlted Boa, 201: Ue" 
oor 018 

(2) Give mathematic expreson of Kinetic equation ane! root mean square velo. 
Gucemahe seit! 

(8) Give mathematical expression for mean square vlocly ond root mean square 
Masago Bow 2009, 

18) Why anes donot sete down in  vesel? ‘Curae Bows 2008 

(5] What ore elaste coltsons? Give an example, tt Ber 2007) 


(1) What is Kinetle molecular theory of gases. Give its Postloas. (Sareane Bow 2043 


Suen 
{Deine tal temperate ond pres. emp or, 09 on irene beeen 
i tsienpersrt ond pene forrest 
(2) Wn he ctr temperature ofa ga Gets npr for kaon of gues 
1p Btn oat 008 once Soa epee ig 
1 ihe rt ampere h eer pon cha ROSE Be Wh 08 Ha 
(0 Si oul Thomon det Wha epi? tte bo ed on 
fy ein a ep eee 
| Scns mated of ican eg ae rt 0 
1 dole Temon edb opera ne Lnae Mehol Linton oa, Hou? 
(©) State Joule-Thamson effect. Why itis not applicable to H, 90s? (Labor Bom 011) OR 
“rants cs on be hfe gle ans Go sty. tos oo 


I Bese Lines method of aueocion fe ate Be 11) 


pataki, 
‘SEO NON IDEAL GASES, CAUSES OF DEVIATION 


a 
earned raters oop some 
‘Hew, 2009; Bohosalpar Board, 2011; Labore Bear, 2012) OR Describe two couses of deviation 
‘Bor Adooliy, vente cect cont bocobiad ert ait auth H.W Py al get 
eUlte from ideal behoulour? weahoeabar Bow, 2010; Famed Bor, 2010 D., Kan Bord 


na 
a ard 2011, 2012, 2010 a 
"5 Why high precise ord es temperoure make a gas ron ideal? OR Gases deviate 


Ser ence oe err iat er 


200: ald Bear, 30, 201: Ml Board 201 We Bowed 2017 


(5) Gone devlate fom Ida! behetour more spifeatly a Noh pressure. Hy? ou 
Bow 307: Rain Beard 2009) 


ont Sumatioas 
(1) Why rel ges dese from he deal behaviour? Discus nse. ‘Sgn Ba 
WaW Dex WAALS EQUATION 


‘Shek Qesetone 

(1) Why the pressure corrections done by van der Wonk? Gauupint Board, 3007 than 

ean 20: DG, Khan Ber 2010) 

(2) Give (S.1) unks of a” and ‘b' in van der Wools equation. 0.0. Xe Beas. S001 
‘Reetpen Dard BOL3: Men Bound. 3018 Fseabed Beat 2013; Remsnt Bowra 301m 

(3) Gases deviate more from ideal behaviour at O°C than at 100°C. Why? tates eon 8g 

Lana Qnsatone 


(1) Derive Vander Wol's equation for rel gues. ss Baar, 381: Bunter Bard 2010) 
(2) Derive Vander Wels equation for real goses and give the physical sign flcance of von de 
Woals constants" and’ (Sarin Bon 2013) 


ASA SAE 


a 

CO) Wher spore ste or fm se of eer? Ho Before? (20 in Ra mk 
Sales cote 

2 Whore & Oe pirme form (or fd? taker Berk ris Pek 
ed 

(3 Wee Saracen of plore? ten tv, 208 Amt ne Bet 128 
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INTERMOLECULAR FORCES 
Dipole-dipole forces 

Dipole-induced dipole forces or Debye forces 
Instantaneous dipole-induced dipole forces or 
London dispersion forces. 

Factors affecting the London forces. 

Hydrogen bending 

Properties and applications of compounds 
‘Containing hydrogen bonding 
EVAPORATION 

Vapour pressure 

Measurement of vapour pressure of a liquid 
Bolling point 

Bolling point and external pressure 

Energetics of phase change 

Energy changes and intermolecular attractions 
Change of state and dynamic equilibrium 
LIQUID CRYSTALS: 

Objective and Short Answer, Questions (exercise) 


INTRODUCTION 

Types of solide 

CRYSTAL LATTICE 

Unit col 

CRYSTALS AND THEIR CLASSIFICATION 
Properties of crystalline solide 
CLASSIFICATION OF SOLIDS 

lonle solids 

Covalent solide 

Molecular solide 

Metallic eollda 

DETERMINATION OF AVOGADRO’S 
NUMBER (Na) 


Lulds have indefinite shane but defate vole. 


In ouids, intermolecular distance is areater than sli but less than gases and 
Inermleculr forces are sronaer than gases but weaker tan sold, 


ECA AND INT 


Th forces of atirecion betoeen srporie moleclee of rabstances ort coed 
Intermcacur forces 
2 These forces are ale van der Waals ores, 
* These foeas are present among all ypes of sls and molecules when they are cose to 
sich other. 
* The biyscal propets of subxancese, melting point, boing post. depend upon 
the stength of intermolecular foxes 
These orcas have no relation with valence lero pane Seas 
‘Thee fones are weaker han inerolecer oe 
rly 


Sates Poe 
Dipole Dipl ores: London penton os V 


mm 


pitt forces of attrections behveen etoms within a molecule or coed Intramolecular 


nro fone 


Chemical bonds ie Joni bond, covalent bond, co-ordinate covalent bond. 
* They haw alot io elation wth pyc pers fbn 


‘+ These forces have concer with valence eleerons, 


These foreas are stonger than intermolecular frees. 


+ _Intramoteculor forces are stronger than t 
Consider HCI. In this, a covalent bond is present 
between H and Cl. Both atoms complete thelr valence 
Shell, Thus, they tend to ways remain together. Hence, 54 5 g 
this linkage is very strong. While in intermolecular forces iY. Bt / 
only a weak electrostatic attraction is present between 
CI of one molecule and H of other molecule. So, this 
Tinkage 6 weak, 


Inramoteovar xe 


‘ntrmedbcuar forces 


om lar Frc 


Imermolecular forces are also called van der Waals forces, especialy when the molec 
tare close to each other. 

‘There are many types of intermolecular foreés 

Following are the common types 

1. Dipole - dipole forces, 

2. lon dipole forces 

3. Dipole - induced dipole forces 

4. Instantaneous dipole - induced dipole forces or London forces 


The lectrortatic Jorcer which are developed when o negatioe end af one Pol 
molecule attracts the postttve end of other molecule are called dipole-dipole forces 


Tater 


+ Consider 2 bond between two diferent atoms eg. H-Clin 4 gx gt 5” 
HO, Ci is more electronegative than H. It atracts shared ff Gy —@ 
clecrons more towards uel. Thus, Cl gets paral negative 
change (6, while H gets partial postive charge (6°) <épcte-spce leet 

‘Such a bond is called polar bond and the molecule called 2 dipole, * 

+ So, when molecules ae close to each oer, hey tend to line up and atrect ech 2 
However thermal energy of molecules does net permit perfect alignment. 

1+ These forces are approximately one percent a effective as a covalent bond 


“The strength of dipole-dipole forces depends upon 


1 Diforence I electronegtiy ofthe bonded etme 
Geter he eecronegatviy difrnce, 
cree nd ve ver, 
‘romp: Dipole-dpce ores in 

+ Disnée between molecules, 
Lae the ditancebetueen molecules, weskr the dle 
ted iaver ae vin vena sit 
xml: in gases, molecules ove wldey separate, 


™ote polars the bord, hence, stronger the dipole 


theeore, these frees are very weal, 


In iquids, molecules are close to each other, therefore, 
hae ores are stronger 


+ The pyeal properties of subvances 0g meng pln, bie pot tc. depend 
the strength of dipole-dipole forces. sia el 
: er the dio 


Dincle = duced Dipole Forces (1 Delve Forces = 
The electrostatic forces of attraction between permanent dipole af oe molecule end 
biced dipole of another molecule er caled dipole Induced dpe forces. 


{iS a1e_oresent in a mute of pla: and non_— plac molecu, In this mise, 
Pestive end of polar molecule attracts mobile electrons of non-polar molecules. 


7 
ZT dpoe is induced in nonpolar malaculs. The force of stration between polar 
‘nd induced dipole scaled diple-nduced pole oreo: Debye force. 


Seating oment srce of attraction between Instantaneous dipole and induced dipole 
stain fro re ner 
mca Polar He can yuefied, which shows that its molecules have forces of 
SR fe cn to ni fe a a an 
1930, These are called London dispersion forces, 


polar molecules attractive forces are due to formation ofthe dipoles, However ie ste 


‘molecules. dipoles are not present under normal conditions. anal 
Bia tion od ons ton 


‘© Consider non-polar He molecules. When two He 
molecules come closer to each other, their electrons 
repel each other and are pushed away. Therefore, a 
tamporary dipole Is produced in the molecules, Thus, 
lectron density of molecule tno more symmetrical 
land it becomes a dipole. Thi scaled intantaneous 
oak 
The positive end of instantaneous dipole alts 
éectons of another molecule. In this way, a dipole is 
Induedn the ney molec aswel Ti cole 
induced dioale, 
‘The force of attraction is then developed between instantaneous dipole and indul 
dipole [tis called instantaneous dipole-induced dipole foree or London dispenion fore 


‘sontinuouay. 

‘The temporary dipole is fished very soon. However, a new alpole wil appear inom 
other direction and thus weak forces are again developed between molecules. 

‘These forces are present in all types of molecules (polar and non-polar). However, be 
are more prominent in non-polar molecules e.9 Hy, Cl, noble gases et. 

London forcas are weaker than dipole - dipole forces 


mes ao 
The meaturement of the extent 40 which the electron cloud con be distoret 
‘poloried le called Polertaabilty a 
‘A specie (atom, jon, and molecule) is said to be polarized if temporary diols 
cxeated in it bythe dstorton of electron cloud. 


‘ncause thelr outermost shells are complete 


inrece In atomic size. Thus, 
Landen forces 


Tei ost ne nna ae ad MLE 


19 themselves 


In Noble gases, electron cloud size increases down the grup in pero table due so 
‘atoms are easly polarised down the goup, and develop song 
Thats why boling points of noble gates increases Coun the group. 


Sinitarly boiling points of halogens {VIIA} ako ineeases dour the group, 


Halogene have diferent phyacal states a room temperature 


nt, 
‘ey 


neon forcen, Hence physical states of halogens changes down the 
Fup and boiling points aso increases. e. bollng point of Fy is 


NEBIKC tle boting pcint of iodine i IBLARC. Ke brow | naa | a 
i iotine is is because | agar | 2189 
{eletaaiiy of iodine is much grater than Muorne due ee | 
‘lagers smonene Po [| 
inoue AS LT | 
Pee a Aes io Moto) seg | asa | 
‘Seca mater the muber of tons, snonaer the London fies | 
Guu, wa |aor 
eal numer of atoms means sealer polareably and hence al 
‘onger London forces as 


cision Ges 


hig 
ek 
Pola 


Halogens are non polar diatomic molecules, 
Frond Cly are gases, Brel quid while yi solid 
1 because, elechonic cloud size increases down the group in periodic table due to 


Thus, atoms are easily polarzed doun the group, ard develop strong 


ease bolng pat BBO) thn sane, GH, (687 °C). 
ia ssp However, dwt lrg umber of aoa 
lu thas stonget forces atnacton an Ge 

‘because, larger hexane molecule has more places for attraction and greater 
ly thar smc ane wll. So Kb stonget forces td higher bong 
Further, duc to sronge ees heme bait whe ane # 2 Ga a oom 


Physical states of hydrocarbons changes from gas to lquld to solid 


molecular mass. Its because larger molecules have more places for attraction 
polarizability than smaller molecules, So, they develop stronger forces. Hence, 


boiling points also increases with increase in molecular masses. 


Methane 


Panone 


wh iene 
and gag 
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The electrostatic Interoction between 2 strong electronegative ator ond pail 


posticely changed hydrogen atom le called hydrogen bonding. 
“The strong electronegative elements are mosly N, O, F and rarely C 
“Two molecules involved in H-bonding may be same or differen 


‘Consider HO. In H,0, strong elecronegative © atwacts 
shared pair of electrons more towards isl, Thus O gets lage 
5° charge and H gets large &* charge. Thus, dipole-dipole 
interaction may be developed among water molecules. 
However, forces of anacion among water molecules are 
stronger than spe dipole dipole interaction 

Qxwaen has two lone pain of elections. Moreover, ‘H’ 
sete uona. electric field due to is small ste. Thus, the 


‘6ygen atom of one HzO molecule links 1o the H-atom of another HO me 
‘ove pai by go-ondinate ezvalent bond. This bond formed i called hydsoasn. 


Hydrogen bonding in HF and NH, 


ciao 08 
bo 


gdrogen bonding In acetone and chtoroform 


cpuorto, te tree Cl atoms mates the carbos hshy whieh 


‘bo highly 8°. This H-atom can now form H: 
fend with song electronegative atom of other 
roecle eg. vith onpgen atom of acclose as (Sgr pe 
‘oun in the fg. 


‘+ Hycrogen bond i longer tran permal covalent bond 


‘+ Hydrogen bond is stonger than dipole-dipole interaction but weaker than normal 


ovalent bond. Its generally 20 times weaker than covalent bond 
'+ Hydrogen bond isa directonal bond 


‘+ Hydrogen bond resus inthe formation of long chains and network of molecules, 


In HF, molecules are H-bonded in 2 29709 mane, Thus, Hi erimapped between Mo F 


alam 2s shou in the fi 
Thus, HF cannot easily donate ts H” ions ealy, hence 
Nisa weaker seid 


In covalent hydrides of Group IV A to VIA 
eonding elfecs are very clear. 

Consider the graph for being pins of 
‘exalent hydrides potted against thelr period 
Some hvdides poted_ a 


foils points of fydrides of Group VA 
‘cee sheng ai consent hyde 


becouse elements of groups IVA are last 
WSenegatve, therefore, they have wakes! 
Malu force among al covalent eis 2 
mat has lowest boiling point becouse It a very ral 
lee ands has est poland 


in Hbonding. eg in 
tum makes the H atom 


irs because they are non-polar and cannct develop H-bonding or other attacions with 


hee he nh rg eral donee Foy | cen fee nr 


team hyegen bog tng the oe eae Than eo pon th 

‘+ H,O hos High BP. Thon HF, Although F i More E.N. Than O. ie 
is because F atom can make only one H-bond per molecule duet pees slag 
hycropen, whe HZO ean form Wwe H-bond per moleclebeeuse thse 
sore ae hip bral pui of acone, Hevea, cus a pnsian of remy OP 
Bending in H,0, bong pt gente than Hi 

7 Botng pons of Flower ten FF end FO. 
Ny can form one Hibond per molecule, ts because N has only one bre par 
Sectom, Aso, is eleeronegtaty slr thanO and Hence, bang pot sue 
than HF and 0. 

2H ald ba FS and Hee ae eee 


In HO, strong H-bonding is present which makes ita iqud. In H,S and HySe wat 
Intermolecular fores are present. Thus, H,S and H,Se are gases at T00m tempera 
‘© Bolling point of HBr Ie Higher Then HCL 
tis due to biger size of Br than Cl 
Due to bigger sue of Br, HBr has greater polarabilly and stronger Lordon fe 
‘among its molecules than HCI, Henee,bollngpolat of HBris greater than FCI 


[The hydrides of fourth pend eg Gell, Asliy, HySe and HBr shaw greater bit 
[poins than those of third perod due to larger size and greater polaizabties 
(ee ten these of ind oe ——————————E 


Exarctoe O5 (1: ‘ 
Wer and ethan can mix easy and in al proportions 

3. Sn a 
th HO and Ett Alcahol (C3HOH) ave Alghy Minto lth Each Other ¥— 
‘Substances, which ean form Hbond with each other, are highly soluble into ea 


‘ 
and detergents are made up of long non-polar hydrocarbon tal (generally aly of 
sei ond poiarenion ead. in wat, te had bine ty maken Hiboad aie 
HH, wile non-polar tail remains outside HyO because itis not soluble in water 
“Thus drogen bonding helps in dearsing ation. 


Hibending is very important in living organs, 


7 Tagpe Protein matecalaa in Thing orpantoma wre wabilned 
ditto Hebonding. ai 
Many fibrous proteins eg. hom, nal skin, leather, ha et 
‘ze composed of long chalns of amino acids. These chains are 
called around each other and form a gpl. This spills called 
hii. Such hel may elther be right handed or let handed. In 
abe handed helix groups lke NH and C=Q-ave vertcally 
telacent to one ancther and they fem H-bonds. These 
bord ink one apr t the ther. 


‘conse of uo nel chans which acco. abou each he oa common mt 
{ullam double fel, Tn s 1820 An dame. They re ned ogee by Pyrogen 
ota betteen thet bunts 


Te adhe ate of ean prs nd de lo eH 
‘eho the surfaces. 


Angi sey eton of Ge and Honey # abo de 0 He 


Since both HO and ety seobol can frm hydrogen bonding * 
with each othe, therfore, they are miscible with eachother in et 1 ss 
‘al proportions wom \,/ | Rape 


However, lager alcohols are not soluble in water due t0 gmat? Soa 

non-polar nature of bigger hydrocabon chain in ther, I 
Similarly, small cazbonylic acids (RCOOH) are aso soluble 

inh. 


Food material such as carbohydrates eg. succse, fructose and BAY 
gue Me algo stabzed ue to H-bonding. Al thee contains OH < 
which produce H-bonding. 


lls 


FAP 110 a RRS re 


are epontoneous change of qld hio pours I called evaporation, 
pentmucus fal temperatures. 


ecoring t Kinetic molecular sheory, molecules of Biquid posses kinetic energy. All the 
splests do not have same KE, Some molecule have KE higrr than the average value 
Then such Gpe of molecules come to the surface of lquid, these overcome the 
Fremdecuar free and thus escape from the sufece of quid as vapours, This is called 
nporton. 

nan open container, at constant femperanue evaporaion continuous atthe same rate 
ni alte ligutd i converted Inte vapeur. Evaporation continuous at all temperatures, 


moleaules form temporary H‘bond with each abe 
{sbecnuse due to tavement of roleuls, bonds are broken and relomed, Henes thee 
es renlay and es ee space 

However, when tempereure of Hi0 i lowered below 4°, ta molecules become ade 
sand form permanent H-bond. So, empl) spaces ae develope in-between the meso, 
and is volume increases ee ccrupis 9% more soace than guid water. Thus, dana of 
becomes let han water Hence, it als ove wae 


The rte of evaporation af a liquid depends upon te folowing factor, 
1, Sige of intarmoteculr Forces 
Dilerentqulés evaporate at cilferent rates. 
vice vere 
atthe same temperature, rate of evaporation of gesoline petal is more than wate. 
Because petel has weaker Londen forces 
Simimtly rae of eveporation of water i lower than ether. Because in weter song 
Fnrogen bonding is present. 
2. Tenperatire 


i] 

| 

| ‘Sinilerity between structure of lee and diamond: The snicute of cg is jst he that of» 
lamand because each atom of carbon in diamond is atthe cere of etahssrom just he 
fe omigen of water molecule in eg. thas hexagonal structure with large emplyspeces. 


og 
¥y 


(nezease in temperature increases the rte of exaporation ond ules versa. 
[ti beenuse; increase in temperature increases the number of molecules having KE. 
higher than the average value. Thus more molecules are escaped from the surface of 
‘auld, Hence rate of eveporation increeses 

% Surface Area 

Its becouse, 

More number of molecules escape from larger surface eres, That is why expanded 
othes are died earler than unexpanded clothes. 

Sprelee O13; alan the flowing wlth reason. __(0 Evaporation couses coolng__ 

‘\Eigperation Couses Cooling 


Tenperahire isthe measure of average Moede enemy (KE! ol 
“vane Greater the HE. higher ie the tamper 


Application of low denis of toe tn cold climates: Density of ce i les than We 
‘Thereore, bo cold climate, when temperoture falls below 4°C, cold unter being lahit 
wo be wuface and feezes tole. Thus, a7 iin lage of ee i formed above 
vumer This ayer of le prevents further heat ls from uncsmnsath water. Thus, 
‘gual fe fom cok 


the partis ef @ 


The pressure exerted by the sopours of a auid, i equiltrium wlth the Meu, og 
(geen temperatare te celled sopour presvure of «Heid. 
Expteneston 


Wher» ied placed in coaed container, then, due fo evepsation, molecule lene 
the surece of iqu. and charge into the vapour sate. Some of these 
‘apaun. on colina wit cer vacaus. lve 3 pa 


Invtaly the rte of evaporation is higher than the ate of condensation 
tex seat, shen the space shove the lust becomes sensrated with 
‘apo, evaporate rca becomes equal i redersonen re and 2 dumamie 
albus exatiched i the ee 


ke gi apes 


ine ga. pres exit sian clihe ws the walls h contsnen aed exer pres 
Tha gem a llr othe wpe roman cle gl 
‘The sapon praneare ts indapendant othe 

The evaporate: 0 Samer feces igor sue aes. Homes, easing rocecies 
tae age seen to var. Th, coerulea Sasar. So, river ch cles PE 


srt sortace sees vee sae, That, race presse is ibeperdrk ok necnin a te 
wo Fa liga, 


ed 
anieg tacos whet te “epost presse of B 
gut 
ereomclacsio mses (8) Tempers 
Tipe 
ic 
[cate Toradios] 
a 
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Waar 


1 imarmedecider Forese 
‘Swronge the ikermckecisr forces aver weil be the 
cago premure of 2 Wadd and ce ve. 
Evang 1 
‘fe BC KYO wits song interclecsie hydrogen 
boning hae Jw vapena presaore (43 mm of Hal than 
ether (GAZ mm oh Hi) 9 hich 0 hydrogen bonding i 
preset 


wl 
oa 


oid 
coo 
Gd Ea) 


Increase in temperature increases the vapour presure of 
cinid and ole versa 


* The meted is wed to determine acute apr prem o aid 
+ Peper sets shown in the 


{Pure iu is placed inthe round botom fk and lose, 
ie above the 


* Laud ig 
ts # asain oven and nic above ts 


removed 
, Saltese 
et then hep na thermostat at 2 tempera which pour pee of the 
1 tobe deemined. 
epaur of the liquid pusher 
«ne heii omer bobo of maven become 
tpour pressure of the hqul ven at 
PP ah 
“Nee P = prewure ofthe baud, Pa = somonpher presse nd 
“4h = dierencein height of Hg a manometer 


the mercury column In the manometer. Afer 


mie lie 


The temperature ot which the copour pressure of a liquid becomes equal 1 ag 
ccmoopherlc pressure or =e other exterel pressure I colled bolling polit of tquan 
Explanation 

‘The vepour pressure of» liquid increases with increase i temperate. When ald 
heated ts vapour pressure goes on increasing ntl becomes equal othe externa pres 
[Athi temperature, liquid srs boing. This the boiling point of quid 

The amount of heat required to vaporize one mole of 0 Mqud at tts bp. meals 
Molar heat of eqportstion. 

‘At boling point bubbles continuously, come out of the boing liquid. Ws becuse, 
bubbles formed inthe intenor of iqud have higher Interal P than atmospheric pres 
“Tvs, the bubble come out ofthe gud and bust upon the sacs 


The bolting potnt of liguld creates wth the Increase In extemal preaure end ice 
Iris baause, at higher extemal pressure, Laud needs lo absorb more het to equalize ts 


pour pressure to extemal pressure hence boing points higher, Whi a lowes ener 
‘peste liquid needs to absorb less heal, hence boing point is ower, 


eg, at 760 mm of Hg water boil t 00°C, while 
at 1489 mm of Hg water bes at 120°C, 


lates Q12: Explen the following with reason, 
{ui) The boiling point of water i ciferen at Murres his ond at Mount Everest 
1 Weter bolle at lower Lemperoture on Maree hile end Moun Everest. 

‘On Munee hls, extemal atmospheric pressure & round about 700 mm of Fig. which is 
lover than normal. Hence, water bolb at a lower temperature of 98°C, At further higher 
‘tude, on Mount Everest, extemal atmosphere pressure is further decrensed upto 323 mm 


pests B50 | cafbenerachoce | 7559 ‘Hi Rance water bots ust ot OPC 

‘fesione 3500 | Eto 7826 

ae ipod Naphhalene [21865 es of Vast ong Vo wth Po 

Beaen Prorat Taiz Tre variation of boling point of a Iquld with presure has many applications. 9; 
set ssw cooking, vacuum distlation et 

[caren Siphie [4630 [Vn 0506 


Pp eae onthe fh re onal res rces blr pe 
‘Paliquid, be 
Inpétiance: At higher altitudes, almospheric pressure is lower than normal (1 atm). Thus 
walt Soll at lower temperature e.g; I boils at 96°C at Mumee hill (P=0.92 atm), Thus 
‘woking taives more time. 
‘The bolling point of water can be raised In a pressure cooker, It is closed container in 
ssp bent loo pe Cosette ee oe 
tz, Hence, boiling point of water \s Incveased. This helps in cooking the ment & 
les quickly even at high alttudes. 


[fect of intermolecular forces on boiling point 
Consider the vapour pressure curves of water, ethyl 
sleohal, ethylene veo! and diethyl ether. 

‘© Graph shows, that all the liquids boil at = 
tamperaire, at which thei vapour presue Pocomes 
‘equal to 760 torr at sea level 

+ ALsame temperature, cuve of city! ether sare 2 
£200 tom, while that of water at 4.8 ton, It shows that 
due to weak Intermolecular forces. ether has hicher 
vapour prstute than water. 

‘Thus, eher boils t lower temperature than water. 
i 


erteny acct 
jam tet 


(S012: Eaplan the folowing with eaton 


EtWacuum distition con be used to avold decompostion ofa sensive quid, 


a iow carried out under reduced pressure ls called vacuum distillation. 
Wz toed on he oc that dros prewure dazeses he Bling Pl of 2 
fe 


1 cision at nema pressure 


"Some high bong quis caro! be separa by dais st nomal per 


be 
"Tea sine thy decompose bee rena the boll Pa 


Hie md sty, 


20°C but decomposes before reaching its boiling point. However when the ek 
‘resure is reduced to 50 mm of Hg in a vacuum dstilation apparatus it bol at 21046 
therefore can be distilled without decomposition, ba 


During physical or chemical changes, enercy Is evolved ot absorbed, 


Bie Chama 

‘The energy change ot constant P, In a phytic or chemloal process te called Enihay 
Change 

tis denoted by 4H, Its expressed in kmol 

Thres types of enthalpy changes are associated with physical changes 


It ta the amount of heat required to convert one mole of @ 
smelting point. 
Its denoted by AH). Its expressed in tliat 


It the mount of heot reured to convert one mole af lel into opou 
bostng ote 
Wis noted by & Hy is expressed in inl 


Bet tit of stint 

It le the omount of heat required to convert one mofe of a eolld Into eapour & 
‘sublimetion point, 

tie denoted by A Hy. Its expressed in kill 


fd tnto gu et 


aloe a nts AE 
«Enthaly change of phyialchege 0g parison can determine the ano 
frermotecutr force oad 
Wan a iid és heated, temperate goes on inceasing unt big 8 
reached. At ‘oling point the temperature is stopped. Now the heat supplied is used a 
the hid vapours by elang trocar orcs, 
The amount of heat equred to conve one mele of lui no wapous 
pant sealed moar eat of vporsaton (3 Hy 


Generally, Hioher the value of Hi. 
‘Thus, AHys actully a measure of svenghh of intermolecular forces. 


a is boll 


Fast OIE ap te tag Ot em 
(eo slain ofa susan reer nt he of apron 
F Hot of Sublintion le Larger than of Het of Veporzaion 

Heat of vaporization is the amount of heat required to canvert a 
ild.no vapours, whl, eat of nbinason be soso 
PSterutedTo conver std ns pact 

Sos iemlea lee are serge in ok than ud 
thro, ts fut to veporte a sis than Hone Hence 
etctodblmton sane thant vaca 


> Haot of Foson of Subsiocee tw Lane than Hast 
portation 

‘Heat of fusion is defined as the amount of heat required to. 
conta fixed amount of sc ined lamp. 

Ale, heat of waportation is defined a the amount of het 
smite to convert xed amount of ud ot vapour at 
‘Sbotra pont 

To convert sold ito tigi, Inemlecular forces aw not [eae | San 
gealy broken, bu to conver id ito vapour, ifernolecar —=—L_* 5] 
fertare inne broken. Therefore, vapor equtes more enw han hon 

Hence eat of fasion sles tha heat of vapor 


‘Bicioe Q12% Explain th following wlth aro 

{teat of vaporization (or sublimation) of iodine ks very high. 

* In has Higher Heat of Subilmoiton thon tts Farsly Meribers Substance ith greater 

~Belereabliy her stronger Intermoteclar forces. 
Boluabiinyineases wih increase in loca, Since ly as condderbly lager ze 

(han its family members, therfore, tt has greater polarvablity and hence song 


IMemolecslar forces. Due to this, i is diffe to vaporize I, Hence thas higher heat of 
en. 


1. Roler Substonces hace Higher Values qf SHy, 57,, SH, 
Polar molecules have stronger intermolecular forces, thus large energy 16 required to 
‘haage thetr physical phate [orn slid quid o quid io vepours or solid to vapours. 
Hence, polar sustaneas hve higher ves of Hy, He 
"8:20, S0,, Ni ete are polar substances and have considerably higher value of 4 Hy. 


Se ee | 
patent 
oe oer | 
Tae rere rm, wh effet hg me eta | 
Poi fon obprecrirpiairrai int 
Steet crane ce cara oc le hes 
sche pane coin 


Esomote. 
(ALO, sold ce exits in dynamic equim with water 


oe. 


TOLD CHS 


‘The Intermediets turbid liquid phase of some solids beticeen solld phove ond dee 
Idd phase, showing some properties of liquide and some pre; ties of slid cll 
Iigutd erperal. 


Discovery 

Uraid Crystle were fst discovered by on Ausian botanist, F-Retntae, in BSE Me 
‘woe tidying an organic compound choles benzante. This compound becomes sul, 
{MAGIC ond becomes clear at 179°C. On cooling revere process oocurs. This hid 
‘phase was called liquid crystal 


Esplanation 
When a sold is meted, itis converted toa clea liquid 
However, many crystalline solkds pass through a turbid liquid phe 
‘converting into dea bquid. This fucbid phase i called ould cra 


‘bald coalie phase ex Deusen vo omoerauss a mei most? 


Liquid Ciytal == Clear Liquid 
Dies sot wil Crostolih 

Their properties ae intermediate between ental and Isotopic liquids 
1. These have some deares of order like slid. 

2. These have fut the quid 


ase before irs 


ote Lan = 
4, These have proper nim tice ct cy en 
4 Thee have sce ocean A expire we 

5 These are soto, 


(te tte 


ype of Liald Cryatae: 
Qn the ani of cera of pecs bail cel cob di rates 
eat. sect 20d etext ‘adhd ite ras tea 2, 


Passi 
From 1238 to unt about 30 years ag, ii xyes were ted to borates. But 

rou thse hve macy applications 

1. Lequd eri have excell eetncal and eotial propertea 

2 Macy ongoric compensa oleic es vehove a quid cots 

3. Laud esas can ditt att When one ofthe wavelets of Wht i reeced by 
ens, they appear coloured With change i lemperaire, te diane Between over 
f mobecales tid eral lo changes Hen, colour of elected ight aso changes, 
‘Thus, gud crystals can be used a terpertue sso 

4 Win change in temperature, quid crystals change colour and give measure of 
femperaure, Thus, these ee wed to prepare room thermometer, fo deine 
temperature range 

5. This canbe wed io find the pln of otra falar in elect ruts 

6 quid eastals ae used in medial dlamasie Thee can be used fo locate veins 
arteries, Infections and tumours Is Becave Thee pars are warmer tan surourding 
sive, 20 they can be decid by wing enperatine ses auld cyt, This 
lechnque scaled Skin themonraphy I suse 
{to detect blockages In veins anaes. 

{to datet the breast cancer ot ener stage, a aver of temperature snsve ligld 
{ryt is painted on the sufoe of rest. The warm tumour shows up in ue 
our, 

8 These are used in displ of ler devices LGD = aud cust cash a gl 
Watches, callers’ end. computm, I" is because temperate, presue and 
‘teceomagneti tds an change the wesk bonding conditions n ayia hence give 
Aiferent appearances 


9. hn ebomoarahy, bad esa ae usd sens 
1 Qitoaraphic end TV lly ao vse had stl eens 


yehamee 
wee 


rane 


Q.1. Chooee the beet anewer 
{) London dleperston forces are present among the followings 
{n) Molecules of wate in id state 
{) Moms of helum in gaseous sate at hightemperature 
{e) Molecules of sold iodine 
1d) Molecules of hytogen cherie gas 
(ter bed 010 Khe bo 24) 


i) Aestone and chloroform are soluble In each other due to 
(a Intermolecular hydrogen bonding 
(b) pole ets aration 
(eo) Irwtantanenie dip 
(a) Ale he alnrve 
LETT ce IIRL ei ne HP) Saya a 2182 204 rg bel 
1M) MH, chews masinumn balling polnt among the by 
de 6 fra ol 9 
(a) Very wall se of ine 
(0) Lane pair present on the nivogan 
(a) Enhanced elecroneyatve character of ritcgen 
(4) Pyramidal structure of Hy 
(te) Whom water fronsee at OAC, lle danaity decreases dus 10 
(a) Cuble eae of 
(0) emply spac prasanti hy 
(6) Change of bond logan 
(4) Change of burg avon 
aaa Med gs Hn HBP, 01 1 Man 
(WI order to mention tha bolling pola of 
should be 
{a} Detiveens 60) ton id 1200 tore 
{Betas 200 son aad 76K tor 
{e) Tob tor 
(a ay value ol pressure 


of Vi group sane 


race of ice 


2018 Kodo 
1 110%, 


mr pn oh 2 


ree 

aca ye ne ola, 

Pa sae sc, ory w high 
toe sia Hance, Wat haw Len, 


thea 0 
teams song EN. lament O87 9 
Hof chrom 


et 


(te nd Ste 


1 


igen fas highes!aecroegptay minor | le lr reslar enn sae ee 
pier V A olrreris. Du 10 the, can lor | seni, enna arg pce ve een 
Balen bred arn te reece Tw te | eb seme cd to a reened Tonce 
Wei cit Miho! mcg We lide | ery Seen 

foo Aware 


Shak pt oft eet pegeona ath eral pesure A er aa 
IDAC. Thelin, bel poet vr wl bw ecrnart  eseraljeeere evened 
nce var bt JAC bn heroes he bce nn) 20) ot 


Flin the Blanks with suitable words 

The polaneabity of poble gree 
In her bating point 

w is developed in acetone and chiordcrn end they ar rived tether 

(i) Exceptional wank” cA HP i due to sbong hydrogen borsing present ws it 

|) “Tha concept of dynamic aque tthe imate ofall reverse oysters 

[Atv of Cally should be than hat od Cay 

|) uring th formation of te From Iga water then tncreate wk 

UM) ‘The ate of crease of vapour pesaure lr water __at high wemperature 

|W) A layer of ie on the surface of waar the wa undereath or futher bea 
loss 

|i) Evaporation is 0 

1) Liga 


tan the gro ord rests sth erease 


quid erystls ave used in the dipey of devices, 


Dipole dipole forces are weaker than dipoleinduced dpc forces 
“The lon-ipoteieractins ave vexponsble for dst ofan nic substance in 
water 
(00 The high polniuabity ofan 1 resposle for Ho entence in slid (orn, 
ferent from oiher halogens 
Testo gen bordnaln HS make rr om we 
|) Hydrocarbons are solble in water becnsse ey re pla compounds 
|W) The vscosttes of quid paialy depend vpon the exter of hydrogen bonding 
44) The state af eqabnum been guid sale ad vapour i dynam nate 


(vii) Heat of vaporization of liquids depends upon the intermolecular 
‘attraction present between the molecules, ial) 
Ice does not show any vapour pressure on its surface at ~1°C 
Boiling point of a liquid i independent of external pressure. 


(o) 
&) 


il 
| 


‘Anson: . = 
Sa Fatve FG Troe "MP ay Troe Guy False) Flmse 


True“ Yoii!True Min) Fale ta) Fane 


Qa. (a) What type of Intermolecular forces will dominate tn the following Nadir 
(Ammonia, NH, (i) Octane, Cittiy (il) Argon, Ar (le) Propancne (Aco) 
CHyCOCH," ” (o) Methenol, CHLOH 


(Ammonia (NH) 
[Nitrogen is a suticienty strong eleeronogatve element, therefore, N of one leak 
val develop H-bond with H of nother mole of NH, Hence in NH Hongo 
dominate. 
(W) Octane (CoH) 

Octane is non-polar molecule. It will not have dipole-dipola interaction or + 

bonding. ts molecules will have weak London dispersion forces among themsehes, 
‘mn Argon (Ar) 

‘Argon is noble gas and is non-polar. It will have London dispersion forces ania 
molecules. Due to non-polar nature, H-bonding or dipoledipale interactions wi 
present, 

le) Propanone (Acetone) (CH,COCH) 

1 has a polar carbonyl group C=O, Due to this group, propanone wil de 
dipole-dipole interaction, 

() Methanol (CH,OH) / 

In methanol, strong electronegative O is present. Thus O atom of one malo 
{orm H-bond with H of another methanol molecule 

‘Thus, methanol chiefly has H-bonding 


oh 
seo 


( Propanone (Acetone) CH/COCH, popanal, GHJCT{CH,OH end bul 
Clip Ct, hove cory shila eels molec mance. Let defn the Pe! 
sf increasing boling pont. Esplanyour anne? 


‘The boiling points will be In the folowing oxder 
Propanol > Propanone 
CHCH,CH,OH CH COCH, 

orc 568C. 


> Butane 
CHACH, CH, CHa 
ofc 


trisbecause 
1 Propanol has H-bonding 

1 propanone has dipole-dipole interaction 
Butane has weak London dispersion forces 


Since H-bonding is songer than dipole-dipole Interacon, which in tum is stonger than 
Landon forces 


“Bap he Solosing wh reams 
{fin the hydrogen bonded etructre of HF, which lathe vironger bond: the shoriar 
‘czalent bond or the longer bpdrogen bond between diferent molecules? 
(Generally shorter bands are stronger bond, 


Further, In HF short covalent bond is formed by oveiap of bias of H and F while H. 
toad is jst an elecrostatcinleracton between diferent molecules, Henoe short covalent 
tes sronger than longer H-bond, 


77 


yo winter ho agro pond el Te drogen bond 

In cold winter, when temperate fale blow 4°, cold var bing ter comes oe 
suf When ternperaue ie eteased cot ater hess oe. an alti 
ier of ei formed shove wan voter Ths ne ce prevent futher hea ln Ferm 
ements water Thus, saves aati 9. ees ho el. 


[Mi Weta end ethanol can mis easly and nal proportions 
Sabed on Page 176 


"WHO Hboncing s weak. wil hve bong eer oni 
© The freezing point of water will be lower than O*C. This will be a serious problem to 
tee of neg ing. 
© Water acts as thermastat for our earth. With weaker H-bonding, water will not be a 
themorat Tass thew be lng change he tenperahre of een 
* Dasto wet Hol, day wots as at. To wal 
anger for aqui ie 
* Wh weaker Hendin, the sever of pts and DNA would nthe tabled. 


t 


me we SIE 8, epi Wh a a | gansta = amass 
tmermolecaler forces? Bricfly explain your chotce? we se | le sicily tn ers of the free teen the molecule 
“The eral temperate of CO, fs closer o room temperature fi. 31.170) hegaans 140 and propanone are polar substances and have H-bonding and dipole-dipole 


(Oy be weaty to be Mpa are cory oepenace ty PT eceMONGE etl Hence ny nas fetches a bee eter a ee 
ted no B19 Keun at Ct cn ig | 
tha iould ophing presre However, penne & none and has weak London dpenion forces. can nt 
‘Since at room temperature CO, s easily liquefied but CHy not. | cei fees wth water o ropeeone else, hence, mile wh HO and 
s2ongerintemoleclr forces tan ii athe same temperature emere 


imiChoose one of the pate that mix and say whether the enthalpy change om mixing 
(could be postive or negative 
‘Water and propanone wil mix with each athe. This mixing is exothermic process 
ta have -ve enthalpy change, because both water and acetone have song aractions 
Toe ach other during which energy is eleased 


ids have the properties, neniloned against thei nomen. 
po oaonaan 


‘QS Darcie the serious forces respontble for Kecpg the particles together br the 
‘kin ln end compound en tet ects pel rope making me of 
Below 


‘What type of intermolecular force predominates in each ligut 


(tl) In pentans ‘Neon 22. 248 
PFO hs Hg ee — ee 
Se cuca —————— 
é| Moana apecsures ——— 


+ Neand Ar are noble gases and have we London dapeion forces. ince Aris lange in 
therfore, thas enter poaruabiiy han Ne an therefore song London forces. 
Herce is mp. is higher than Ne 
Wer has trong H-bonding, theoreti have sficeny high mo. than Ne and 
Ne isan fone sold thas cubic cyte srucur in which each Na fn is surounded 
hc F > fons and each Fs surounded by sx Ne" jos. These fons have soong 
forces. This errangement gis hardness to NAF ca 
For meting NaF esta large amount of energy i requed. Hence, i mp. is higher than 
Ne,Arand 10. 
Diamond has network of carbon atoms, which are joined together by strong covalent 
ptonésin a terahedral manner 
"fo srong nec of C aoms it very dil fo separate thee stoms from each 
‘Hence Diamord hes higher m.p than Ne, At H,O and NaF. 


{Wht do pou deduce about the relative strength of thave forces tn te Tua ott 
your conclestons. ae 


H-bonding» dipole-dipole interaction>London Dispersion forees 
Hence, due to strong H-bonding bp. of H,O and its 4 i greater than Orem 
which has dipole-dipole interaction wii 
In pentane weak London dispersion forces are present, therefore, its boiling rot 
Hy are lower than both H,0 and propanone, 


{0 chess re shaken Fogehr I ptr - 
(Which par wold be wrlhaly to mis? 

‘Water & Pentane will not mix with each other since pentane is non-polat 
i polar, Theor they wil not have atracons for ech othe. 


and 


‘Q9. The balling potnta and masses of hydrides of some firet rou clement arr ta 


belowe: 


ch, 1 16 
Ni 240, a7 
ra) 3 0 


Suggest reasons for the diference in thelr boiling points In terms of the upe 4 


molecules Incolved and the nature of the resent betceen ther. 


‘and O are present in same period of periodic table 

* Of these, C has the least electronegative while O has the highest lectronegatvy. 

‘+ CH, is a symmetrical and non-polar molecule. Therefore, it has weak London dspesin 
forces. Hence, its boling point is very low 

+ NH is an unsymmetrical polar molecule. In NH, due to high electronegatwity os 
develops H-bonding among its molecule. NH can form one H-bond per mob 
‘Hence, its boiling point is higher than Cli, 

+ H,Ois an uneymmetical polar molecule. In HO, strong H-bonding is preset 
to highest E.N. of oxygen atom. Mareover, waler molecules can form two H-bonds pt 
molecule. 

Hence, its boling point is higher than both CH, and NH, 


TiO. Explain the term saturated sopowr prepeare Avge Te order of area 
Sreneure: In? woter, Son? uaier, 1am? of ethanol, Sden ethan ond 50 4 
sitar. 


| 


oes Cbd: Bae 


When 2 liquid is eveporaing continuously in an open container, heat 


ator Sote 


rom the 
sounding enters into the iid. Hence temperate of quid revans egal that of 

saoundin 

veer {quid Is insulled from suroundings then due to evaporation, is T wl fall but 

peat wll move from surrounding into liquid 

sa esut temperature of liquid flls below that of suroundings 


‘Solved on Page 179 


‘Eeeporation takes place af oll temperalures 
Oe ay tonaape nt Cooma a 9 Ba 218, 
~Wcesules of liquids have KE. tall hey are continuously moving 

Milecules of liquids have KE, at all temperatre. Thus. they are ns 
Thay colide with ene another. As a result some molecules may get XE. higher than the 
eemge value. Such molecules escape ftom the liquid sua 
evaperaion takes place at all temperature 

At low temperature, K.E. of molecules 
waver, rate of evaporation Increases with increase in temperature 

More or less, evaporation continuous at all temperate, 


eas vapours. Hence 


low, therefore, rete of evaporation 1 also ow. 


(WO) Biig needs content eupply of beat 


con Baa 209: hore Board 2010) 
se to the external 


‘Vapour presure does not depend on the amount of substance butt depends wee" ™ 
ature 
av 
General, Stronger the njrolecla forces wer wil be the vapour prs 4 
versa. Hence order of vapour pressure will be 


50 em of ether > I din of ethanol = 50 om of ethanol > 1 dnt agrs0ns0 cn dH, 
It is because, that HyO has strongest H-bonding and it can form to ‘Heb 
rolecule,thevlore, is vapour pressure i lowest 
Ethanol has somewhat weak’ form on 
bond per molecule. Thetfore, is vapour presureis higher than HO. 
Ether has only weak forces. Hence is vapour presnie | the highest 
GAT Whine ela Rd memag mG Deka compormn Te aed 
Higud ramoine the same ce that of Its surroundings. Ifthe acme Haut “pao 


teportaed Into cimoaphare In an insulated flask, te temperature flee belo 
tturrounding, Explain the differance In behaviour. 


pressure DeCOES 


gid bos a emperatre at hich 5 var 


sds on temperature, therefore, vapo. 


pectic temperature. 
ee an sippy of heal must be 


Since vapour pressure of a liquid dep 
{i 'becomes equal, to extemal pressure OW At ° NE any su 
bling, this temperature must be maintained, Thus 


pled to the boting Nquid. 


s-tohr Bar, 212 Cubana Bam 2012) 
placed in earthenware pots it 
rf weer fom the ube 

enwere vasels keep 


en ER 


(6) One feels sense of cooling under the fan 
‘er taking bath 


(ct) _The bolting potnt of ater te different ot Murree Mills and at Mount Everest. 
‘Solved on Page 183 


(et) “Vocsam dititotion can be used to wold decomposition 
Scleed on Pope 183 


(esi Hoot of eublimesion of substance ts greater than that of heat of caportsation. 


Solved on Page 185 


(ij Haat of exportzton or mblimation) of iodina te sry high 
Sclved on Poge 185 


hice Questions 
1, Gheerine decomposes at it: tater bear 2016) 
teiMeling point (/Boting point (Freezing point (d\Crical point 
2. Which ofthe fling licuid has highs! boing point: main br cor) 


(a) HCI (6) HBr fo HO (4) By, 
3. lee occupies more space than liquid water upto: Ramen bar 041) 
(a) 9% (6) 10% enics (@) 12% 


4 Foroes which are present between ions and water molecules are: nal own 2007 
Garment oer 2000) 


(2) Dipole-induced dipole forces (b) Dipole-dipole forces 
{e) lon-dipote forces (d) London dispersion forces 
3. Hydrogen bonding is maximum in: (Gjeamele bord 2011) 
() HI (b) HBr fe) HCE (a) HF 
5: Dipole induced dipote forces are also caled: tain Bo, 2011) 
{2} London Dispersion Forces _{b) Debye Forces 
{c) Huckel Froces () Electrostatic Forces 
7 Liquid crystals are used 3s solver inn Baad 2011) 


(2) Sckent extraction (6) Coptiaton 
19 Firaton (3) Chromatography 

5 Cholesten benaaate tum ino milly qd at andy Bow 2018 
ise wy Mec el Md) ATC 

" ‘ke cccupied more space than liquid water (Lahore Board, 2010) 
ts 9% 10% ue a) ee 


"8 The boing point of higher allanes reese han how of wer alana to the 
A that (Fatselatod Board, 2010) 

{8) Higher alkanes have greater number of ators 

{) The polaesby of gtr allan we reser 

Higher ators hove eg cre 

'2) Higher alkanes have greater hydrogen bonding 


1 
"Pe songest aid among halogen ad Bamaine Bor 20 
ain papel (ore) Ht 
Water has maximum density at (Fetsabad Boord, 2011) ie 
400 (oC ie « 
* 8 Maree sa are Bard, 007 
SMe his water bos ne are 


(100°C 


eA 


ote cst Pad = 
14 The vshane of ce creases han gd wae by abd Sod 3007 | 
ase 3 o% owe ase | 
Song pie of #10 w Mount Everest woud be 6. Re Bar. 2010 | 
as ») 100 wre id) OC ; me fe 
26 Ligue cocaine ew | eydina dhe incense of polly dour te grup in noble ge 
fa Meare (6) Propane (©) Ethane (@) Herne | "nome ie moting and og ins” am meu ron Doon oot Sco, 
iiedabtn diguledeeacsipmutbesl eenocies sis fon 705 Wh? etre toes i onthe scrgpoay 
jal destuetve dstilagon (bo) vacuum distillation ‘81 Meling points and boting points of halogens roca 
) teczonal dstilaton _(¢) simple dstllaton ere ew 207: Famaaes Bone won oes TEES down the group. Explain 


(8 Wy the mating and botirg pois of elkanesinceose with increcse m mor mass? 
ts tneadews tt Sh at 
thane (Cj la gas whereas hexane (Ci) walqud at STP? 0. kam awe 
its fant anc Burd Sa ee SPAM RE 


ang Quentin 
(1) Write a note on factors affecting London Forces, target Boa, 213) 


3 
ei | 7 | @ |e) mf 9 | [10 | 
nm @ [2 | iw [is fe is | fs | ‘dt 


FROROGEN BONDING AND TFS APPLICATIONS 


Ce I 


SeGersions 
12 H-bonding is present in chloroform and ceetone Just}. dae Bag, 209) 


(9 Wy HE isa weaker acid than HCI tt Bard, 208: Ltee Bord, 209, D2 Khem Bord 
+ oon 7019), 
{8 Why boing point of HO is greater thon HF? (Smee Ber 2013 Laer Bor, 2014) 


Detailed Explanation of Past Papers MCQs & 


answers to all Past Papers SHORT QUESTONS in i) {hae Fauld at room temperature but H,S is a gos. Give reason. (Batmeniper Beard, 2008: 
a COLLEGE CHEMISTRY OBJECTIVE BOOK | 0 tiacrond chens srs trai sucton gectau tense sct ih ett oar 


hotel are water soluble but coespondingalanes ae insoluble In water. Wy? tate 
oes but corresponding iuble in wer. Wh? 
fr do tuo appiations of hydrogen boring Bandra Bow 2012) 

Pol compounds are soluble na polar solvents. Justify the steer. (atanaper Bore 


fleas on uote. Jl LOR lee exiles more spac then we, ge ran. OF 
ou safe surivs under froten x? OR Dene of ke lessen ul water 
{Spt reson in Bar, 0 Fn, 08, 1, 18a Bw 30 
is Sayan Sos oo ht Nae bard 0 t Rocapns Bor R10 fans bd 
Water freeces from surface to the down decion in ponds and takes. Explcin with 
EOP. tener Bom so OR Loe dy of ethan water he 9! serene 
AP pan ne 368 
‘anole freezes from surface to the downward dtrection in ponds ond fakes. Explain 
‘97 kos poem 


ESTIONS (ROM VAST PAPERS 
INTERMOLECULAR AND INTRAMOLECULAR FORCES, DIPOLE DIPOLE FORCES 


‘Sher Questions J” 
{emote forces ore srongr than rival orcs Why? tema or 
(2) Define Dipole Dipole forces and icn-cipole forces. taped Boot 201) gat 
{B) London dapersion forces are weaker thon dipole-dipole forces, Why? raat ay 
fan OH Dipole dipole forces ae Songer than London daperion forces. st 
eon 
‘a Quctons inant 
{Fitter reroll forces? Name te four psf tfc ond 8077 
Mendpna bua, 200 5 rt 
(2) What are iermoteclo forces? Wie the rames of diferent types of ime 
cexploin nstanoneous dipole induced dipole forces: Faalnt Bord 302) ay 
(2) ‘Define Debye forces, Amorphous solids, Allotropy end Hydrogen bondi. 
non 


fe 
RIDE Mtrogen bonding. How does it elm the indted properties of flining 
ans Dd 201 


(2 Explain trogen bonding in Nis HAO and HF, how i & helpful in exloning 

sSructure of ie. dare Boar, 2011) a 

(8) What i hydrogen bonding, Explain role of hyrogen bonding In food and otgny | 
ratral(Swpne Bow 3012) 

(6) How does hydrogen bonding explain the jormaton of ice ands lesser des 


Senos =| 


EVAPORATION, VAPOUR PRESSURE 
‘Shor Questions > 
(1) How the rate of evaporation depends on the surface area? (Lahore Beard, 2009) 
(2) Evaporation of a iquid causes cooting, Explain, (0.6. Khan Board 2007, 2008: Mates Sort 
43010 DG: finn Bou 201F Spas Bord. 2007 016 Prim Dor, 200 Lee 
{ (3) Define evaporction and vapour pressure. (Flmlahes Bow, 2010) Ane; The dent 
i (4) Define vapour pressure of @ liquid. Faealbed eer, 2007, 
(5) Define vapour pressure. Wite down two factors that offect vapour pressure ofa gud 
(Randy Board 2011) 
(6) Why the vapour pressure of water. Ethy! alcohol and diethylether are diferent fan 
och other af °C: Utaslpea Boor. 2007) 


ene Qucatione 

(1 Define Vepour pressure. Write @ method for determination of vapour presite of 3 
liquid. Wahmespur Boor, 2009; Malin Bord, 2013: Sep Bord, 2013, 2018) 

(2) How vapour pressure is measured by Manometer method. (Finobed Bot 10 
Gayrmoal Berd, 2009, 2011: D.6: Rha Boud, 2012, Males Bord 212) 


‘BOILING POWT, EFFECT OF EXTERNAL PRESSURE ON BONING PONT = 


Soares 

EF Dafte tins port rama un 200 08 Defy tllg pl. Hay ks aed 
cael pers? eerie tvea soe ; 

(2) The boiling point of water is different at Murree Hills and at Mount Everst. Expiain + 
Teas0n, (Folatabod Beard, 2007, 2010: Sargodne Board, 2019) OR Water boils a lou” 
torpor oni cesta pee Wig? encanta 

(a lon he Soke ete Cate’ taomaneione ter OR To ov 

i reer testi droit pie ooupmonteonnrsiieey Giailll 

5 (Secu dion can be ued io ld deompcaion foes Il EO, 
Webavatour Board. 2012: Lahore Board, 2012) 08 What Is the importance of 13M 
pret oolang horpmr-r 

(3) hy fee at poms fen ol poe? i ne.) 

pa 


te 
(1) What's boting poin? What i the eet of external pressure on bolting pain? Ws, 
: temperature, of 0 liquid remains constont at boiling point although heat is con 
‘Supplied? tahoe Bow. 201 ees 
| What is the effect of extemal presture on boing polnt of a subsance? Gi 
aan Bard 28) 


git 


tS we 
(poe Chenier Bent =u 
— ale Set r 
|WOLIH HERTS OF FUSION, VAPORIEATON,suBLINATION = 


a 
rib ir inf tsi er ith ces 
1 Mh orc et elo. ema 
8 Scrape ecg ay an 

ice Natnace srenaihe ear ey 
ti 3 ars gs et oP ern 


[QUID CRYSTALS AND THEIR APPLICATIONS 


(1) Hour iquid cysts oct as temperate senor? tare Sow 2007 Halon et, 29191 

How gud xstts are ute axa actor of tumor? 1.6K er 20% 

1 ie usr frgppations) of il ys 0.6 x ter 07 Raa amt 
Senter 308) A: A to gon bow Coes ea eres oc eek 
‘ar quson 


ena Questions 

(1) What are fhquid erytls? Give that vo uses fr three uses) m daly if (rtmaldot Board 
BP. 2011: Garmnate Bard 2100.0. Bo 2007 Ad Rs Baud 21% Late Bor, 

(2 Ge four uses of quid crystals (Garmenle Brd 2008 Supe ew 7009) 


5) Dafne liquid cysts. Dacus import wees of iguld crys (Gupedte Bord, 212 
‘eben en PI3 Lahr Boo EM 


Eearciee 


What are solids? Give genero! properties of solids. How do you diferentate betwen 
line solids ond amorphous solids? 


Sold 


ee the etate of matter, which hes the strongest Intermolecular forces, defiie shyt 
and definite volume. 


In solids ators, ons and molecules are held together by strong cohesive lores and thes 
‘earmot move at random, 


Most of the solids exist in exytal form 


(DUREMESNINS ctosayncouton of solide on the boos of Reuarty of Particles) 
‘Qn the bass of ean of ok patie, these ae divided into two types. 
1. Crystalline slide 2. Amorphous sds 

a te 
The wolde tn sohich atoms, lone or molecules hove regular, three-diner 
(trongement ara called erysalin slid. 


Examples: 
‘NaCI, Diamond ete 
2, SETS 


The solids n which atoms tons, or molecules do not have a 
rrangement ore called omorphous sold 


‘Theve are called pseudo sols, 

Properties 

1 Theve have random structure, 

2 These have short range order ie Maui, 

3. ‘They don’ panes sethive sructue of cra 
4 They mavhave hardness and elasticity, 


egies ete 


6. Thexe have indefinite heats of fusion, 
Class, Rubber, Plastics, Glue ete 

note: 

‘+ Gratates: In amorphous sols long rence order is absent These solids have areas of 
shortrange order in ther stucure These aeas are called crystals. 

+ Super-Coofed Liquide: Many crystalline sols can be changed info amorphous sles by 
meting and then cooling rapidly. In this wy, particles can not arange themseives 
regulely. Thus, they have define volume and shape but amangerment of parties i net 
regular. Hence, these ae also called supercooled quis. 

Diference between Crystaline and Amorphous Solids 

Cissatlne Sots 

‘These have definite geometric shape in 

which atoms, ions or molecules have a 

regular, and repetitive, thee 

dimensional anangeent 

‘These have sharp meling points, 

These have definite heats of fusion 

Thase are anisotopi 


These do not have definite geomet 
shape In these toms ‘ons.or molecles 
hate nracdom ornonepettive tree | 
ddmensional arangemert 

‘These do net have sharp melting poi | 
‘These have indetinite heats of fasion 
These are Botrops ard resemble Nqui 
These ae caled te olds “These are called pseudo solids. ] 


Bramples: NaCl, diamond Clete Escmol: Glas Rubber. | 


"unk cll. What are unt cell dimensions? How the Idea of etal lotice is developed 
the concept of uni cel? 


Ayes ented ty he rg of es Le sid eit 
el lengths) and the angles beeen these faces [ant ea 
angles), 


Thete are thre unit cel lengths represented by ob, 
and three unit cell angles denoted by «7 as 
own in igure 


pat 


roles | ge i Pa =a 
‘Angle between sides ‘b’ and ‘c”is ‘a’, | 
‘Angle between sides ‘a! and 'c’is 'f, | » Goto tee, tuo sides are equal 
‘Angle beeen sides ‘a! and b's 'y | asbee 
+ Al he six parameters of unit cel ae called uni call dimensions or crystallographic | Alte angles are of CP 
ements 
ET, 


‘+ Thus complete information of eyetalt present in ts unit ce 


+ if srucure of a unit cells known, then structure of whole enstal ean be mate 5 
repeating 


‘There are seven different types of unt cells depending onthe length of faces and st 


So bere renee es el to Sc ees ue 
Festi Ate anges oe of OF 
Jeon ayo oe, reat ame ln or molec of «et anaes | ean 
ss ageran oa aren dicecnoal aoe ee 
Epenation ALY 
| i rae si tre aden pte Thaw we kaige | tai 


| tected 0y points in 9 conta. These points ste caled lace YEO 
1 of ‘waois latices This three dimensional srangernent of pois 
(cya ld fags er mace later es Nel 


lode, Rhorbic sulphur, K:SO,,BaSO, ete 


‘Althesides are equal 

asbee 

‘lth angles le berwean 90° and 120° 
OsBry09r 


omic. 


BL ALO, , NaNO, , KNOs et 


Faerie 8 (0) 
Explain seven crypto syters ond drow the shapes oftheir unit cel 


The group of eryatale whose shepes are bull up by only one type of anit colt 
called eryetal apeteme. 


There are seven diferent pes of crvstal users, 


Out tee, to sides aie soul 
bee 


740 angles are of 90 and the of 120° 
SR 90" any = 120° 


Samy 


Srpite,2n0, C45, oe, Zn Cte 


SON aS 
ee 


6 
‘the sides are unequal inhi 
weliag 
Two angles ere of 30” Be 


‘and third one is greater than 90° 
90" and B > 90° 


IB ine sols have defintoregulr tre mens.onal arangeent of partes, 
Tach erystal has defnite faces (sides) and dette anges (ntedaial ances! 
teen the faces. 
ora given crystal, the interiacial angles, al which the surfaces intese: re always 
tte nme no matlerin which shape they ae groun, The aces and arts of sya are 
i Changed even fits ground toa fine powder. 


Examples 
‘Sugar, Monoclinic Sulphur, NagS0,.10 HO, Borax ete. 


Teretaline solids Lave defiite meling point ané can be denied by this. Thur 


7 
‘All the sides are unequal ceysials have definite heats of fusion. 
arbec 
2 
Allthe angles are unequal The brecking of crystalline solids nto amoller Identlal crytale due to extermal 
caer re or pressure te called cleavage. 
Examples Fheplane tn ebich a ergteline sold con be broken Into amoller identical ertat te 


9d clenvage plan. 
"The cleavage planes are incined to one anotrer at a paricular ange fore <rystling 
sald, The angle is clifeent for diferent sods 


+ 
Se erytoa shows carlton tn pyslesl propetien depending wpon ie 
diet, Suck proper acted micro oan nde Penonean & 
ed aninotropy 
Asubstence which has this propery called an lsc. 
Cpt show the propery of ansobopy. I i Deca 
_,Sanement of padticesn diferent decors. 
Somos 


H4BOs, CuSO, SHO, KyCr20, et. 


Camels 


Tata ha 
Daron 

Se S00, MO NHNB 
Tedine, hoe apr, BO 


caystah have aierent 


TBLAO, NANO, NO: 


Th cysts, elechical conductviy, themal conducts, coefient of thermal 


‘pansion and reactive index ae aisorope properties 
Clectael tty of araphive  reeer 6 one dietion than oie 
been in gabe be ceseors can move easy paral 1 lve he ttn 
Dental  ye 
lavage tsel i cn antsotrope Behovout 
coe eee cna nat devend won the mtn, av called leone 


|, Properties. e.g, meting pointe 
The substance which owes some ove seated HOR | 


“inh, 0, C5, 20.8 
Togy, Sapo, Bae 
ag, 1080 

TBO, REHP OOH 


Taine porers Perera 


Tamas 05 (0) se 
np ine folowing proper of rystln ois, Give hae exomeles Mg |S Ramer 
ofecystel (i! . ptt tong ie 
i Hob of ecystal Toe repeat of fucen, antes ond eden when # sete by 360" ob 
tala emma. 


{i) Anistropy (i) Cleavage ‘ phi 
1 eatin emperdture (i) Symmetry (i Growing of cyst _ (ule 


(ene ie 


CComtls have vious types of aymmry element geen of symmetry, ‘| Thesubalancs whlch eats in mote han ne crane fori sole oko 
‘Stamey. ax yey a es iV 
{polymorphs ofa substance have same sherk properties ‘* 
1 pokmomhs have ifs aha orp, I de t dtfrent stu 


Bator analy 
The shape tn which a eretel wovolly grows le called habit ofa crystal 
tras wen a stureted solution of NCI 1s cooled, cuble crystals of NaC! oma 
“Thuis NaCl has cubic habit 
TCyatals are obtained either by cocking Its saturated solution or by low cc 
Uuqodd substances. ‘These are formed by growing various directions. In pati 
ainone, shape of growing cryatal ly not changed. However, if conditions ere har 


rots nie 
Bs 


‘+ AGNOs exes as Rhombohetal, Onhor:orbic 
© CaCO, exists a8 Trigonal and orthorhombic 


then shape ofthe crystal may alto change. 

‘wp Cubie ental of NaCl becomes needle Uke when 10% ures is presen! nse Difference between Isomorphlan and Polymorphlam 

as impunty, Tova Polemon ita 
DDiferent substances exit in BB Same substance exists in 0 


eystaline fom 
Pomorie arma have sane 
hermealpropertes but ferent 
phys proper 

Patmorple forms con be ite 
sonvere 

Faimorphe Terns —have tae 
formula unit 


same crystaline forms,___ 
Tiomorpious substances have 
different phystal and chemieal 
propels is 
Teomorphour subsiances cannot 
be inter-converted 

Taomorphle forms have Glerent 
formula unit 


S Srmncmenon In which xo diferent subetonces exet inthe ere ene 

‘ {form ta called loomorphiam. 

1 bomorphous substances have dilent ousical and chemical ape 

2 aa 3 srmphouesubtance hous tht ey generaly asa 
and ther used 


theca 

 DALMIE cue depends only onthe numba of sons 
‘combination. It dogs nol denend on chemical nature of ators 

__ ibn da eee foetal prin in # anes 


mixture, 
Examples: 
ELS 
Bane 
Ti 
TH 
«The structure of negate ins ke NO, and CO, ae sane. Bath 


aes same Bot ae 


q 
atin BO 


Eames 
CaCD,. eviss ip tigonal ond 
ohodtombic form 


* Carbon can exist in graphite Hexagonal) and iamond (eublc fom 
* Sulphur can extn Rhee and Monon forms 
* Tin ean ent as ey eb) an whe tasers) 


sue enatali fore of th ne mbsance can emai 


se ed ranaliontmnperotere 


sant imparts a leh 


a nubatence aeiats In more thon one <i 
‘ath each other be 


Exons 

Sabpher ste) Sulpher { mone 

White Tin Teragons 

KNOglshombonestat) 

[NaS ants orm) +1080 

[NayCOs.7H,Otewer bt i) 

+3H,0 

‘+ Atthis temperature, one eystalline form ofa substance changes into othe, 

‘+ Above and below this temperatue, only one form exists, 

‘+The transition temperature of the allot form of an element is always less in 
melting point 


PCLASSIFICATION OFSOLIDS 


(On the basis of forces present Inthe crystal) 
‘Crystal have been classified into four types on the basis of forces present bene 
Jona or molecules in them, These forces are aio called cohesive forces. These frces = 
‘chemical bonds ot some other interactions. 
There are four types of eystallne solids on the basis of nature of forces present int: 


Grey Tinie | 
KINO, nthvhomie 

NaySOg 10H, Ofte om 

[NaC 10H,Orbaher strat form) 


arr 


A Tonic solids B . Covalent solids «Bh 
C. Moteur solide D_ Metalic ss i 
Exercise Q.7 (a): ° 


iat are toni ods? Give ther properies. Expcin the stnsture of NaCI Shc 


ta justify that unt eal of NOC! has four formula units in it a 


The cyealie sold, hich polio and nepately charge lone oe Sl a 
eee ace cuneate col, Tese ees 
papery 
‘Examples: 

NaCl, BaCls , KeSO, ete. 


Pvc csisod hanie Sulid y 
1. These are cvateline solids nl room temperature, due to definite aang 
‘nd anions 


2 Under normal temperature an pressure, these never exis as iquds 
set 


ment ot 


4, These are stable compounds. In ionic aystas, ions are held t09e 
decwostatic forces, which are dificult 0 break. Hence thew are stable 


dened 

4 Thee have bis mela point and boing pind o song elecrosac forces. 

{These have ou voli due to rong elastic ces 

4 These re very hard It because, these cmt one forces ate preset which are 
Tomitectional. As @ result ons are atrcted from all sides. Hence tons are closely 
othe and there snot uch re space in these ental 

2. The stu of an fone esta depends upon radius aio. nic ennls having some 
rascal have same geomet, 
eq, both NaCI and CSF have same rads rao hence they have same geomeny Le 
abe 


8 onic cystas do nol exist as individual newtral independent molecules, Toereore, term 
formula mass fs used Yo expres ther maxs instead of Molecule mas. 


9 onl entals do not conduct elec in solid sate. Because in sold form, fons have 


bed pefon and therefor cannot cont each. 
sect, 
1 because, ionic cystal consis of 2 
Sas ee 
this way like ions come in front of each other, 

1. to close packing of ons in a crystal. these have hich densities. 
dlar solvents are very fast. 


However, hee conduct sleticiy in malen sate or In aqunoss sion. Because in 
aller in hich cations and anions 

«which epal each other and thus 2 ctl broken 

12. These are soll in polar glues ihe H,0 and produce ons 

4. They show isomorphism and polaris. 


these forms, ayétal late are broken up end ions become fee. These fee iors conduct 
onic crystas are hiahly bite 
‘ae present in altemate positions. Thus, 
ler atin Ses ine it over hole et a 
ed show briteness 

"3. Sine these eryetals produce ions on dsoving in polar solvents, Thus ther eachonsin 


* NaCl crystal is face-centred cubic and consists of Na ‘and Cl" ions, 
Net has 10 elcnons. ule CI" hat 18 actors, Thus CL 


+ Ii NaCl crystal, gach Na" ton is surrounded by six Cl ions, which are 
‘comers of a regular actahedron. So the co-ordination number of Na" i six 


‘© Similarly gach C1- fons. Its co-ordination runt 
also six. mr 


Preseor 
| ecunt of encray released when one mole of the tone 
ets formed from the gaseous lal calle lai nergy. 

nth case the energy is given negative value 
on 

The eneray required to break one male of sold into lnlated 
nes the go phase Ue called latte energy. 

inthis cas the energy sven positive value 

Latice energy is measured in kl mol“? 


Goomoles: 


Ney ly + NaChy 
Ney > Naty + Cry AH +7ET I mole 


‘ ‘ est, 
Number of Ct! lone 

“The figure shows that in NaCl cyrstal two types of CI" fons are present 
(i) 8 Ch tons are present at the comers. Each of these is shared by 8 urit cls. Hens 


a 
share of Luntcel = 1 


(il) 6 C1 ions are present at the faces. Each of these is shared bg 2 unit cls. Hence stax 
AL unital = $=3 


calhas3 + 1 = 4C1" fons tices reese sie ef ations or 
a Ie s because due to increace in see the packing of las becomes less tight Thus, more 


opty spaces are present and stucure is loose. So, as amount of energy is required to 
weak Hence, lattice energy of cya decreases with increase in sz of cations or anions 


Mumiser of Nat lone 
“The figure shows that in NaCl oyrstal two types of Nations are present. 
(0) 12 Na" ions are present along the edges, each of which is shared by four unit 


Hence share of one uit cal = 12 = 3 Wat are coualent solids? Give thee properties. Explain the sructure of diamond. 
(a) 1 Ne on present atthe conte which shared ony by one unit cl 


Total number of No" ond CI” tons 


(One unit cel of NaCl has 4 No” fons and 4 Cl-ions, 
‘Ths thermo of Na” and Clions ig, Bie as Fact 
(9 Ghant Covalent lta: Te cyan whch toms ae Joined gether to orm big 
Focte about NaCl: Lomerng 
In NaC the distance between two similar ions 563.8% ER es Desist cera 


5.63 w. 
"Tina i ance peeves hi eteret ene p= 2-815 ) Layered Covatent Solide: The ental in which atoms are jolned! together to forn 
4+ In NaCl crystal, no independant NaCI molecule is present. Hov<¥=h separate layers. 


‘Examples: graphite, cadmium ode and BN 


‘The rodius ratio of NACI is 0.53 


Bean 07 (0 


2 See couiece bonds me recscral bord. thecclore. consiterstle by 


bs See, 2 See re are ect hee these ae general) bat 4 
eee 

Home io graphite paced yer hae tee dora. Hence tm ged condas 
of eecicny pace ts ayer Hera aphie t 10h 2 cence 


pepe 


tom ayen 
7 Trae me cacithe so aha rents Vine ates bt 
iii nena whuerie he bergen, CDi, ec. 


Cordiest expels haven iq mibecses ie Biter 
GL ee ae towchdbhe wall where. I i because they 
canes eatin Sines with vient reciles Be 10 
tre on ae 


These enya who very sow neatsann 


Diaetnd i a, llarople Loren of eatbon, 
“There ace Sour valence elections in carbon, 
‘The four orbitals (ore 24 and three Zp) undergo sp 


Ion to give aspire [ns 


Thus, each earbon has lout a hubid orbitals, which are direced toes 
comers oo cea season, Th he nt. t lamond. Me 
Sint eels undergo ap" = ap" overlapping to. fomn a huge hist 9 
doen mc of don sao! oveoopina fom covalent 


Meme extn lad to [othr eon om hough covalent 
tone, The dct of clamond is condnuous and cavone a 
carbon overlapping form a big structure. The whole crystal 
Tools lke» huge earbon molecule. Thus, diamond is ko 
called as the poivmer of carbon. 
| Iamond a he bandana ar of 10D andthe bond ln 2588 
| Cuero sete of dimond face ented cubk late 


na oe moleclar yack? Give ther properties 


The expatalie solide in which polar or nowpolar atoms or molecules 
Jor the erste ore called molecular erytale 


ay Ta 


jecsar Cress: lw. Seger 
alas Molecule Cats: laine, sulphur. P.COy ete 


1 These have repiac arangerent of lms in maleate, The poston of atoms can 
beceanrines by Eien seas 

2 Ther vest ae en compre duet the presence of weak iterncacise 
feces. 

3. Thewe have_jow melting points and boiling points due to the presence of weak 
ier cleclar free. 

4. Te oe mony oe pee of wakes 

5. Those ba enducar of ay def the absence of on ree elecons 

6. Thee have va epi spaes, ina cota hence these have low destes 

7 Sonat ow nse 

8. Polar molecular exystals are in polar 
cee ecb acmnnaea 


9. Generally, pac molecular eolis have higher meleg pons nd! olin pins than 
‘non-polar moleeiar sles, 


Bit] 


tn soli fom, moles have yee sce 
Insoid i, each bond ditances 27 Sum Ths dances 


‘much longer han 1~ I distance In gaseous fine, bien & a 


25656 om, This sructue shows that $.2.200¢ consult 
SLetetriety 


of, while con-polar molecular 


Frere Q38 (a 
Give different theories of « metallic bond. How does electron seo theo 


ry sts the ea 
<onduatvity, thermal conducivity and shining surface of metals? tate 


PI icctien! Contec 

Metels ae good conductor of elect, When a meta is connected 
teen 0 polls of balay, the mobile electrons beais to move | 
towards postive pole apd the electoos enter into the metal Fem, 
‘gave poe, In ths way metals conduc elect as show in the 


oe aa 
SS cea 
ee 
tea near tegen house fe vt] tn of pate nce 
sere tuearonemeenin ieee 
pansacipenteprra 


EE crit Conduction 
‘These ae good conductor of hen! 
During this fee elacrons take up heat from one end ard trae it trougheat the 
cepa during tier motion and colison wth ether electrons. Thus fre electrons cause 
‘themnal conduction in metas 


The metal atoms tn a metallic cryetal 
metallic bonds 


PPrerio of Retallic Borstal 

‘To explain metallic bonding, folowing theovis have been proposed 
1. Electton gas theory 2. Valence bond theory 
3. Molecular orbital theory 


t 

Iwas proposed by Drude and improved by Lown (1923) 

According otis theory, llthe atoms of the metalic ctl lose thet valence dete 
‘These electors form an election pool or lst gs In which postive charged ud 
presen at dette positon aa measurable dstaice 

‘The slovtrons of the sea are not attached toa particular 
nucleus. These electrons are delocalized over the entire crystals, 
therefore, these are called Free electrons, 


ogether by apectel type of bonds cae, 


‘The posvely charged nucle ae held together by the fee s 
eects throughout the ltce. The force, which binds a mel eta have srw surace 


caton o nour of aston snd ald Metilc — | ‘Ths freshly cut suctoce of metas show shining {arous srfce). I is because wien 


light etike the free electrons in the surface. they are excted. When these excted 
etrons come to the orghal prion. They emit ght. Thus Ight appears :0 be 


2 CMTE ‘elec by metal face and appear: hing 
Iwas proposed by L. Paling 
iA ‘According to this theory, metalic bonds ae actualy covalent bonds, Howes. | 4. SI RaReAT 
sovelent bands ae hich delocali and extended over whole crystal Matus re maleate and dude 
? When afore sapped on metal, tes ler 


ty over each ether and thelr shope i changed. 
Hence, hese can be converted into sheets 
(OmaLeabl) or wires (duce) without breakin 


Acoting oh oy aence bia fra oven wth each aie OS 
decaiaed orbs. Thee re cal! molesas ovis, Molec etal 2 
tvertheuhole cys. The elacronsin led fale eel 

‘Actualy. when large number af valence abil of acm over, they Brot ae 
umber of melee oak Thxe melee emis hove very se one) = 
ths tom abn of ney ate Heeb teeny ao nled Bard BO 

The energy difencebensen tuo adh detemins the pret 
crystals. 


f meee 


Fic 


i 


Explain with the help of diagram (i)Cubic close packing in the structure of metals. PA 
Fe ep espay eka y 


Ina dace eproemt via pet harped ude oc eraser 
teens os pad paar peace 
Ce yay chose dons aoe 
Geek et tok ot ot poe i il RD em 
i pests he beeen hoe tus The hse f ced OX 
tersices or crevices Gy 
M2 fourth ball is placed on this hole, a tetrahedral structure Is Nee: 
ene ge 
aw ot pa dei spe 
In this layer holes will be developed. 


‘+ Now a second layer of spheres ts placed directly above the see a 


ey 


roles of fst layer. 
By this arangerent, all the holes of botiom layer are not 
covered bythe spheres of top layer. 


Hence, two types of holes will be produced. 
(a) Holes crented between spheres of second layer, Through this layer spheres 
hota layer can be sen, These are marked A. 


(0) Holes which are not cormpletely covered by tp layer. Throwgh this layer 00 
‘ean be seen, These are marked B. 
Now a tid layer ean be placed in two ways 


() SERRE TRY TI if 
© WC thd layer is placed directly aber the holes marked A then the phe 
thd layer wil be directly above the spheres offs! layer. 
© This atangement produces on ABAB or 1242. paitern 
+ Thisstnicture called hexagonal doe-packed stouture. 


OT i ne Hac hecl Stove tise 
+H thied layer placed divectly above the hoes marked (then the s 
the thre layers wil have diferent pattern, 
+ Thisamangerent produces an ARCARC or 123123 pattern. 
+ Thisatructre is called foce-cente) cubic atic, 


rest 


ft 


ee aa 


‘cer mmsekama | 


ano 


IH UMINATION OF AVOGADHO'S NUMBER IND 


Many methads are used for he eaculaion of Avogadro's Number 
‘An accurate method based onthe study of cvstas 
‘Te determine Ny by enstallagaphc method flloutng data i required 


can be determined trem is densi 
* Thedistonce between 
lean be determined by Xa 


‘Consider LiF crystal has a cubic ental I density is 2.65 g on, 
Colevlttons 
(0 The distance between Li? and F"jons is 2.01 A* = 2.01 10-*em 
(a9 Formula macs of LF = Mx 6939+ 18,9984 = 25.9374 q mol! 
265gar* 


259374 . 
BRM «9.788 cm 


(ty This volume can be used to find the edge length ofthe cube. 
Since allth lenoths in a cube are equal therefore, we can wnite 
ntl 
ev 


‘or Edge length = ¢ = WV 
= OTE 
=2139an 


lenght of edge 


‘Tetance between fons 
2.1390 
‘2OI«10Femion™ 
= 1064 < 10" fons 
(21064 « 304) 
= 1.208 » 108 ions 


(o0 na cube, toml no. of fon incide, one Avogadro's No of Li* ions and one Aveo 
‘number of Fons 


(ie) The number of ons long one edae lenath 


{) Thus the total numberof ions in the eube 


‘Therefore Avogadro's No Lets" 02x10" 


{a} Low meting point 

{6} Good conductivity in sol state 

(fe) High vapour pressure 

{) Solubility in polar solvents 
{ah Amorphous sollde 

(a) Have sharp melting point 

{) Undergo clean elenvege when cut its fe 

{el Have perfect arangement of toms, 

(€) Can possesses small regions of order arangeren: of atoms 
(tw) The molecules of CO; In dy le form the 

(a) ion crystals. 1b) covalent estas 

(b) molecular cytes (d) any type of erystal 


(2, Ba 0 fin Bo 1 21 Rh oe 0.2 Ra ba 019 So Bat 


(u) Which ofthe following sa peeudo wold 
(2) CaFy(&) Glass (e) NaCl (@) Al 
mtn Bore 20 (haar Bor. 0 Radand Bx, 2009 Mato ar 0, 2, 
(Ceomatar sie) 
(©) Diamond i bad conductor became 
(o) Ithas tight stachire 


(hash dene 
(2 Thar no fet elaon presen nthe etal of damond coed 


pe 218) 


electiciy 
(a) None ofthe ove 


eS 
Seger e 
SR 


Qa Fillinthe blanks 


()Inacrysal tice, the number of nearest nelghbours to each tom is taled gy | (Hau nolzmer phism and alfotcopy are relaied to each other? Give examples, 


Pajmorphom 


(W) There are Beavis latices 1 The phenomenon in which a substance exes in more than one erative form le 

UU) Pseudo solids ave regarded as_ qui. called polyorphter- 

iv) Glass may begin to crystallize bya process ealed «This term it used for compounds 

(v) Substance, which exhibits the same Tr all directions, ae eda} Pobmorphs of o subsonce have same chemical properties but diferent pbs 
opens. 


(ui) The branch of science, which deals with the cof crystals cay | Sls 
enptalloraphy ‘gH exits as Rhomibchedal,Crthorhombic 


©2€0, exss 2a Trigonal and onhochomble 
Atatopy 

Tie phoomanon in which on element exists n more than one cystline form 8 
‘+ Ths tem i used for elements 
Indicate True or Fales + Allotropes of @ substance have same chemical propesties but different physical 
(i) There are five parameters in unit cell dimensions of a crystal. Properties, 
(i) fonic crystals are very hard, have low volatility and very low melting pol ed | Epes: 
boiling points. 4g} Catton can exist in graphite ( Hexagonal} and diamond {eubic forms 
(Wy) Te val of latee energy ofthe lon sbstences depends woan tte 284 T Syit eo) cacti phevabic and Monod foe 
() Molecular ote! theory sls is ao called band theory 
16) aie solidi good conductor a lett nthe molten sate EG Datc unt co What are wit coll Umavelona? How the ea of ere atioe 

se letevttoped from the concept of unl call? 
FE (hi Tewe | ty) Tre) Trve hicammnens Stelonpege 208 
ica | CE esc eit pee and the shapes oe el 
Ga Waa we DoNaaT Gir penn proprica af clin, Hom do 908 Saedon pene sor 
between crystalline solide and amorphous solids. 

“Slved on poge 202 


a 
jane 
‘GE (a Eplain the Jalosing properion of eryataline wala. lve threo ener 
( Antactropy (W Cleovoge 
WH. erat (to) eomorphtam 


(6) Tranaion temperature (ol) Symmetry ——_ 
{o) Grossing of ecryutat__(ot)Polymonphiam bag AS alec erste? Give ther 


“Solved on page 206 © bege 215 


Ror 
i ore Tonie soln? he Saas Bgl tha cre of Nec 
‘Shae sl ently ta nt el gf NC ofr nt 


{ 


f 


de nd Sede 
Simsly each C~ fon is ako surounded by six Na fons ls co-ordination ne. i also 


a} INaCl, the co-ordination no of eation ie. Na i. 
'b) In CC, the co-ordination no. of cation ie. Cs is 
Fortis cliference see (Q.12 ptt xv 


= : 0. tan 
Tonic solids are very hard. I because these crystal have sonslieional eng tec 
‘As a res ons are atvacod from al sides, Hence fons ae closely packad and eo 
much fee space in these rye, Thetlore, Ines re hard 
But molecular solids have very weak Inemolecur force. Ths thee a ny 
| enly compen 


Tar Gis nner of Tok soli, wslcly sole and covaen!pamonolscr 
scllde Wit are the faiors which determioc whether sch of ene sere 
all dlesolve tn water or not? ad Lumehengs 
The general soluilly principle “Like Dimolse Lake Thum pol slsaances dsobe 
Ingo selvents and non-poler substances disaives in now pola solvents, Water a elor 
‘hrs Following factors aft the selubity of auttances in water 
(i Port Polar substances csslve in water easly 
(Leute Energy Higher is the latice energy feu is the ental latice to bres, 
rlre, lesser the schblty. 
MYsStee of tonsimolecues: The oubity of 2 avbsance in eter deceass with 
Heusen se of ioamoleces. 
Imig fot 
ames: NG, BaCl, 180, ec. 


‘QB (a) Give diferent theortes of « metallic bond, How does electron ona theny hae 
the electrical conductivty, thermal conductiulty and ablning suave of metas 


‘Solved on page 216 


‘(b) Explain with the help of dlogram — 
(Cable close pecking in the tructue of metals 
___0 Hexaganl close packing in the stewctre of mo 
Solved on poge 208 


G9 Ciyetate of salen fracture easly, but matale are deformed under sires ted 

raring Eten the ference 

‘Salts are ionic and tonic crystals are highly brittle and can fracture casily. 
Ik Is because, ‘onic ersals consis of 

paral lajer in whieh cations and anlons | 

fate present in alterate postions, Thus, 2 

when a force ls applied on the =e oe 

layer of ions slides litle bit ove the ober or 

layer. Ins wy lite lone comin font of each ole, which repel each ober and 

crys s broken : sais 
Howevar, metas do not consist of oppositely charged fons, Thus, when 2 fore 6 


energy) and BaCO, 


Polarmoleculer solids; Ice, Sugar 
SonPoiemoleciar sells; ade, ph, PCO; ee 
se obhmolelr sols oe general sl h wk, whe non polar leu os 
fe non polr slvr. 
fs Macromotecutr Solid: 
ie Dameond, SC 
Sovaen sla are nonpolar so thet ar gener scl npr slen ihe wer 


ret 
we 


le:in non. ivents like benzene, CCl, etc. However, covalent macromolecular 
Smee os ane a 
‘wif solvent molecules due to theit big ie, 


murder of fom. 


2g. In NaCl crystal, each Na* fon is surrounded by ax Cl 
comers of regular octahedron. So the co-ordination no, of Na" is ik. 


0 Scum i softer then copper ba bth are cer good electrlel conductor 
{Gorn er 2008; Sry Borg 
The forces in male wide depend upon numberof valence electrons. Crea 
number of valence electrons, stronger the forces. Sodium has lesser number of ele * 
is valence she therefore, it has weak forces, Copper has more number of wa" 
elec, therefore, I hasstonge feet. Thus, dv to weaker force, sod cyt? 
copper. 
However, both are metals and have fre electons. Hence, both ae got condudos 
steccty, However, de to mores elecrons in Cu ts a beter conducor har ha 


inslds, intermolecular fores are much stonger than quid. Thus, is very dificult 0 
a ese ent it iy 


 Tioreious vote Wk glans eos ced per coted ul. > 
ECs ae wudeel tiated of peti whds WSs Fa URIS VaiGA 
ute 
fmorphous solids also have random anangement of pariles Thus, thle woecler 
cine & more like Haus. Hence, amorphous sold are eae as super cored iad 


egiala, rubber el, 


) 
(0.6 Khon Socrd 2007 Guponual Bord, 201, 2013: Laer Boar, 2008, 2013 Baar Bad 
Sarsoaha end, 2014). alanis 

In diamond, each carbon is f° hybridked. Each carvan is linked to four other ert 
‘atoms through covalent bonds. Due to song bending in dlamond, iis hard. 


However. in diamond crystal fre electrons are not present. Therefore, it cannot cndit 
slecticity. Hence, its an electrical insulator. 


G Glemage ofthe erate te tae entstropic Behaviour 
[BGen Berd, 20 DG. Ken ard 210 Hobe ars 201 Canal Bao, I Labre 
Sak Se 

Tach cyt has definite awargerent of parle. Therefore a cystal can be broken 
sally parteuar plane only ae notin any oer lane 

, cleavage depends upen the direction of plane’ The properies, which depend 

vpon dfscion, are called aniokopc properies. Hence, cleavage & an anisotropic 
‘eaour 

‘2g, Mies cyst consis of a lange numberof parallel shee's. These sheets can be easy 
ssid only paral to thet length 


(Ml) Sodium chore and Cass chlonds have diferent sreckare. 
i (tend Kah Boe 8 

NaCl and CsCl have diferent structure tf because Na® on is smaller than Ck 
‘Thus, Na* is sunounded by only 6 Cons in NaCl cyl and its co-ordination ro. ek 


6, While de to larger ie of Con, it sured by BCI ons Thus, scar 


TCTs aig eneron mo ime oe on 
~ Rite form doesnot depend upon sheila of om. Wey depends 
‘Pot, no of alms, sizes of atoms and way of combination bf ators. 

Hence, substances with same no. of atoms ic, same aicmic rao, generally, have same 
“¥alstucture and hence they are isomorphous. 
Fie wemaiiog tomperatare To woe by elements he 


~~ Sbtpoundashoxing potymorphe 


Moreover, due to uilferent sizes of Na* and C3" ions, both NaCl and CsCI have ew! 
radius rat, 


Hence, both NaCI end CsC! have diferent structures. NaCl have face-cented «itt 
lattice and CsCl have bod) centred cube late, 


ng ollotrople Fors ond 


(We) Iodine diascloes resi In tetra GMloromeihane, 


corphous forms of @ compound can be 


= ee Ache es Pifeentallotopic fone ot ent Galena 
Generally, polar substances disoive in polar solvents, while non-polar dissoles N° | "ted Into each-other by contotina tem ther se form 
me rat ieee | eta gorse ater 
Since ls non-polar and teracloromethane (CCI nce, nds" | “SIPs coed tration tmperture subetanes, which have only 
neck (CCid i aso non pote 


sot be wd 
anc concept of ransonfemperatire cso! Be wd 
fom, ts showing allotropy and by 


(0) The vapour pressure af the solids le far lass th 


Hence, transition temperature 6 only given ty deren 


‘those of Wquids. ee 


ei _ tetas 


d Thus when a force is applied on the crystal, 


Coline Chemin: Prt 


120° 


Ge) One of the unit cell angtes of Hexagonal eryata Ix 


Ta hexagonal esl, ove of he ang eo 120 preset nie the BR 
Cae 


‘hexagon as shou in the fig. 


(Gl) The electrical conductivity of the metals decrearas by increcslog temperature, — 


(Sarath Bord, 2070, 2013: Guromuaa Booed, 2014) 


‘A metal consists of ses of fre elactions in which pasiive nuclei are present at dents 
positions. The electrical conductivity of metas is due to the motion of free eleckons 


Sometimes the electrical conductivity of metals decreases with increase in temperature. 


It's because, increase in tomperature increases the vibrational motion of postive mul 
‘These mucle! produce hindrance in the motion of fee electrons. Hence electrical conduct 


decreases 


Ga)_tn the loses pecking of sons ofntas aly TAR apace 

Tn dose paced sul, lye of tl ators in he frm of 
aphres ore ren over ech cle Ine enangoment pce fe 
Ie ueind i ne lees go shown i the These speces ec 
furvtaas or creer, Due to Deve pert, vekine oosmi B) 


‘atoms of meta sles than the total available volume. Thus ithas been found that in ose 
packed strucuce of metals, 74% of the total uolume is occupied. The unutlized 26% spea 


‘consists of interstices 


{iy Tonle eryetale don't conduct electicity in the solld state. OR Fonte solids ot 


Inaulatrs in solid state but become conductor when disolved in water. Explao 


(Gahaueur Board 2012: Lahore Board, 2008, 2013, 2014: Man Board, 2010, 2011, 2018: OC 


‘on Boar 2012: Ad Kh Boned 2012: Fault Boa, 2018) 


Tonic eytals do not conduct electricity in solid slate. It fs because, in sold form, om 


have feed posinon and therefore they cannot conduct elect. 


However, these conduet electricity in molien state or in aqueous solution. Because it 


these forms, crystal ltce are broken up and ions become free. These free ions can cond 
eet 
(ato) Tonteeryetaie are Righly brite, ee 


Cena aoe 20070 Hon Bar, 2008: Capen Bor 3: Sma 

‘2009: Sargosha Gourd, 2010: B yh f2012; Lah 201 

flit beeas, one cys cons ol paral 
layer in hh atone ahd enor ee prc 
chert penton 


one layer of ions aides a ite bit over the other 


010. 


inthis way like fons come In front ofeach othe, which repel each other and thus 
"ie bokan and show bites Senet 


7 of poatioe lone earroundiog the re 
x eget he Ton i the tonteeratlTttice 

Five no. of ons surrounded by a particular lon (i co-ordination no, ) depends upon the 
ave ses of 0 fons. 

‘ag Ifa small negative ion gets surrounded bya lenge posite ion, the co-ordination no. 
cbesmalfend vice versa. 

Tre relative ses of ions are indicated by radius rai, Generally, greater te rac rao, 
seat the co-ordination no. and vice vers, 

eg, Consider the case of NaCl and CsCl 

NsCLas smal Na" fon and es rods a han CCl. 083. 

‘Therfoe its co-ordination no. i6. 

(ett has larger Ce ion anlage rads rato of 83 than NaCl 

‘Therefore is co-ordination no. 8. 


Radius Ratio 
Ie te the rato of the radius of cation to anion in an ionle eryatal. 
of cation 
~ radius of anion 
tis used to express the relative sizes of diferentions 
Example 
‘The radius ratio of NaCl is 053 
“The radius ratio of CaCl is 0.98 


ie, radius rai 


Co-Ordination Number 


‘The number of nearest neighbours of « particle twa crystal ls called tts co-ordination 
umber. 


eg, In NaCl crystal, each Na” ion is surrounded by six Cr tons, which are present a he 
‘comers of a regular octahedron. So the co-ordination no. of Na® issx. 


Simiasly, each Cr’ fon is also sunounded by sic Na* ions. Its co-ordination no. is ako 


Co-ordination number dépends upon radius ratio 
Generally, greater the radius ratio, greater I the co-ordination no. and vice versa 
eg 


‘Above 0.73, 
Data -078 € 


HELLO! Mr. Question here! 


le Choice Questions from PAST PAPERS 


1 Aor he Proper? (0.Rhm Bod 0 Cahn te 
oo 


(b} element 


fa) wompound {© atom (2) mixture 
4, Dayle (Selid CO,)is an example of sod tae td 246) 
(e} Covalent tb) Molecular fe} nie (8) Metalic 


44 The crystals formed due to London forces interaction ae: (Gyrmal boar 2008, 2010) 
fol onic (b} covalent (c) molecular (4) metalic 

‘4, How many allotropic forms are present in cazbon:(Gyyommla ber 2009) 
fe} tv (bo) three {c} four) five 

5, Diamond and graphite are examples of (te Ber. 2011) 
{@) Ikomomphism (6) Polymorphism —{c} somersm 

6 When.a = b sand a= = 120° (Ramin! Board 2013) 
fa] Qubic {fb} THelinic _(c) Hexagonal [d] Moncelnie 

1. The Garson ator in diamond is: (Maton Board 2013) 


(€) Allowopy 


fal sx hybridized (b) sp hybridized (c) sp2hybrided (6) dep! hybriciaed 
8 Transition temperature of tins ahr Board 2008) 

{fa} 955°C (b) 13.2% (q oc (¢} 285°C 
%. The crystal of diamond is: Lahore Hoerd, 2008) 

(2 lonte {o) Covalent {e) Molecular (Metal 
WStucture of CrO} is (Lahore Bow, 2910) 

{a\teteahedral —(b) octahedral (¢) eubie (a Tielic 


1,580 and K,C10, are lcomorphous sis and exist Seedb Br. 2010 
Wee on {b) ortherhombicform —(<) THgnonal fom (4) Teragonal 

2. The transition temperature of HNO i Sarma Bord 2710) 
fIBzc (py ggstc eh HC 

"8. Gysal system shown by diamond i aban Bow 100) 

iy sbi {b) tetragonal (e) Monod 
‘Amomphous solids 0.6. kin Bod 208) 
{2} have sham meting point () undero ce 
(©) have perfet arrangement o tort 
(8 can posseste small regions of oe 


(a) 32020 
(4), Hexagonal 
savage when cut with Kile 


iy anangement of ators 


15, A crystal system in which all he axes and angles are unequal is called (Lahore Board 29 
(a) Tetragonal syste (0) monoclinic system 
{c) wichnic system, {€) cubic syste 
16, LF isa crystalline substance and has (tase! Bow, 2010) 
(a) ionie crystals (b) metallic crystals (c} covalent crystals 
‘V7. Whieh of the following isa pseudo solid? (Sarmdhe Boor, 2021) 
(a) CaF (NaCl (@) glass {€) MgO 
18, Crystal of diamond is? (Serpdhe cr 2011) 
(2) ionic {b) covalent {¢) molecular (d) metalic 
19, Which ofthe following is a pseudo solid? (Sayodhe Boer. 20121 
(2) CaF, (b) glace (e} NaCl (@) KBr 
20. Which one is not an isomorphs pal? (Folbed Boer, 2010) 
(2) NaNO}.C2CO, (b) NaF. MgO (¢) K.Sy. KxCs0, 
21. The example of hexagonal system is Lahore Beard, 2012) 
{) Sulphur (6) NaCl (€) Graphite (d) 
22. Transition temperature of Tin (Sn) i: (ated Boe, 2013) 
(a) 1280 0) 9550 @ Bec 


(4) molecular erste 


(@) Zn,ca 
Diamond 


(a 328°C 


Detailed Explanation of Past Papers MOQs & 
answers to all Past Papers SHORT QUESTONS 1 


COLLEGE CHEMISTRY OBJECTIVE BOOK 


SHORT & LONG QUESTIONS FROM PAST PAPERS, 
‘AMORPHOUS SOLIDS, CRYSTALLINE SOLIDS, UNIT CELL, — 


yD one 

i) Dee ncrrtous sol Give expe (2.0. thn amr 
(2) Diferetae beeen opts she and cyanea age or 200) 
1) Det nto eta tate ee om 

1} Dee al ath on cre atin, 


att 0 unk cel? (Mution Boot, 2008 Of Draw the shape ofa unc mentioning anles 


i (DG. Khan Board, 2010) OR Describe (or What ore) c ie element 
aor 25 oot OF Desi (or What oe) enaoph 1s 


‘6 


toe Qosations 

a ii se en of en ir oi 

(0) Define Urol sive di of hexagonal system of crystal 

[agpERTIES OF CRYSTALLINE SOLIDS 

ET age of he cs end deog plene snp Pe 1,00 

12) Define 0} cleavage plane (b) unit cll. ‘Fatabad Berd, 2070) 

Fae ee rh cron cor Ge on eed ort 

1k) OR Why graphite isa good conductor of electricity? targa Beara 2018) 08 Why 

ee ee ice tel crdicin Pamarer ora) 

ty Bite, barca wey ond nonopy. arse 0 

{6} Whydo you mean by symmetry? Give elements of symmetry? (Sergedha Beard, 2009) OF 
Feo cary to mney oma ate boot 2" 

1) Write-a brief note on (i) Anisotropy (il) Isomorphistn. (Fatsalsbod Boo, 2010) 

[ Défine the followlng terms with example. (i) Isomorphism [ii) Polymorphism (iil) 
‘Allstrapy iv) transition temperature (D.G. Khan Boord 2012) 

9) bape hang tome wah empl (0 olor 
Symmetry (Gujranwala Board, 2008) 

(10), What is habit of a crystal? (Gupramsatn Bord, 2009) 

ie Define tsomorphisrn with two examples, (Raasipiat Bord, 2007: Lahore Rear, 2007, 2arty 

@ Define polymorphism wlth an-exarple. ose Boer Ee) pegs 
Date omorphien on oN ans rf ome 


(is) Dipeenta Genecen omerphism ond paymrphem ates Beek. 248 Sethe 


048) Dene et soropic for ef cto, (ehandpe Bow 20195 
2 llotropy. Give tuo alotropic fos ofc , 
1 estoy Soe ly maces 
(7) Dafne rnstion temperature with to examples. @andrind Bad, 2011 Fane 
“pp BUDD Rn Ber Hz: lin Bor 23: Lars Bs 30 aes 
(QuieSOUDS, LATTICE ENERGY 


A Wythe lan cpiline sos have hgh meng Poi 

oni crane zal have Mh mei po Ce ee mt Sete Doak 
Dee energy, ie expe Caton nk Me = 

8) Wheto energy? (anipin Board, 2012) 10) 

16 hy atten on Late ee en a 

8 Whey Mencon ee oi ; 
NaCl isan insulator but Sods i 

yf set on Secu eo 


(@) Anisotropy i) 


2? rama Board 008)” How 


Lona Quentin 

{i} Define tonic solids. Discuss properties of ionic solids in detall. (Sersodhe board 200: eg, 
[Rac toon, 2007, 2011; Malin How 2010: Lahore Boor, 2039) 

(2) Classify solids on the basis of bonding, How lon solid are formed? Give two properies 
‘of lone solide, dahore Board 2012) 


‘GOVALENT SOLIDS =< 


‘Short Queatlons 
(1) Wte two properties of covalent crystal. (Capeneea Bow, 2011) 


Lops Questions 
(G) Briefly explain covalent solids, write their four uses Sorgen Board, 2010) 
{2} What ore eooalentsolds? Discus the structure of Diamond. (D4. Khon Board 2040) 
Bilhce ore covolent erytals? Give thelr two types. Write properties of covalent eruis 
Mahascpne Boor. 2011, 2012) 
(4) Molecuir solids are soft and easly compressible. Why? (achacclpw Bord, 2008: Mstes 
‘oer, 2010) 
HOLECULAR SOLIDS 
{1} Whot ore molecular solids. Give three properties of moleculr solids. (hore Bows, 209) 
{2) What ore molecular solkds? Give their thee properties. (mated Roord, 2010) 
(3) Whet are molecular solids? Give examples and explain their properties, (Calenoa Bee 
2016; Lahore Board, 2018 
WETALLIC SOLIDS 
‘Shor: Questions 
{i} Explain lero goth. tere ton, z46 State elaron poo! theory, atm Yr 
(2) Metalic erytls are good conductor of elecrcty. Explain. aan Boor, 2007. 2008) 8 
‘Why metals behave as good conductors of eloctricly? (anealpind Boor 2013) 
(3) A fresh cut metal has 6 shiny look. dusty. 1.6. then Board, 2008) on Metalic crysis 
lustrous in nature. Why? (Sood Bord, 2033) 


(4) Metals cre malleable and ductih 2007: -D.G. Khan ant 
Faleclebed Board, 2012) feel ete aes maar 


(Discuss the electron gos theory to explain the properties of mefalic ‘solids. ews! 
r inthe properties of c 
‘ead 2007 Malan Bord 2007), ; ncaa 


(2) Whats elecron poo! theory regarding to metalic sols? Also give is four properties: 
Whats electron poo! theory rezrding to metl cfd? Alo gies four prope 


19) Eglo rong ey of ei nd ci conc of etl ste 


‘SHRUCTURE OF METALS ~ — 


| Tang Quenone: (LE mora Lana Qual 
| £2 Esplin wth the hep of ogra, 
{U Cubic close packing inthe sructreof meas 
{Hexagonal cose pacing inthe srctreof meas, shape Bod, 20) 


” 
set tn ain npc na ts 


oa bas four powible extwers. Choowe the corectunewer sad enctcle 


Be ee eo re men nace 


4) eye lores 


Grunt ee feraand Bh on neve? 
0 ty cron tare rand ania Clea? 
as me ‘ag we 


(a1 Gpaakofcolent compos sms hae 
dd tr cr lose test ts 
(Gist ans [darhil pee dee 


(ch Motor (2) ete 


(anne, ied 
INeClis abd ctr of eect 
tS there reno lors (einasid NCL tions velo oe 


oy QSENC cont {Ela Ne ee ro e008 

‘Tha esnafon temperate of KN, . 

fg Mszt mess | GG eee 

penis oa ul capes cn See Reals 
(adbinofigt (swe EL mereated 5 conan 


18 DNA motcal, the hydrogen bonding betwee 
(eedtagns  faNandtisted (1 enéHalorn (410 anders 
Sm Deak deter te AE. en gu 
ae fsa ane Jons one ene ot 

tle ok (ean re 
Hiery oh ei cok fod of Mun en 


ee See 
a 


STS teu ssa st i, ig) Terma 
vg Seen Glenna 
‘ 


(tone Londen toe 2 aid (dente 
ae the mates meet” BS 
Ltr ee saree ae 
{ethereal peter caar ree 
“ona sn wi wyotin 
SEE cos men 07 = anos 
sins seston] 
Povey ean pn tom ge tet, scam. 
ior ass eas we 


sion 
eed 
reer 

8 Sooecaeaoromanueen te 

8 Sere fee eNETENS are ne 

Bbc eral : 

oe tat ent mar 
tet ae mie 
tSerertortirpeeercimstoaec tt 
Sovnetanettomaet 

Gemma ; 
fee et nha 


(i eo on wie. Day 

(i) Wty denege wan anscropc babou? 

(0) Ontos cyt late wa tee point? 

{et Wher she ratipbtween boing pol fw bg nd extern rere? 
(om) Wat do you mean by yet? Give emer of 

(eatlome compounds do nathewe mole Wy? 

(i) Malet oi re ok Why? 

‘Sclion = (Attempt any thre questoon) (x S)=24 


QB. ja) What are covalant solids? Gove thie properties. Py 
esr = 
Screen apt 2 

Pia torerienrageo ont) a 
| Shits Reet aces 3 
Pheer srry = 
oo Stites ‘ 
SR GaTacr Stee meld etanemncow ge 
ca eect ety 3 
ect et raat 
Segecteerete ene 2 


(G Dane bbl of» atl wh ware S 
9. har niggers tog eran fod and aol st 9) 
(6) Exam ha ucts of NOL Show ht a of Ra anion In ie 1:3 


Line Emission Spectrum 


Pe ae io 


6 4h 


‘SUB-ATOMIC PARTICLES OF ATOM 


RUTHERFORD'S MODEL OF ATOM 
(DISCOVERY OF NUCLEUS) 
PLANCK'S QUANTUM THEORY 

‘THE BOHR ATOM MODEL 
SPECTRUM 

Continuous spectrum 

Line spectrum (or atom spectrum) 

‘Atomic absorption spectrum 

‘Atomic emission spectrum 

Emission spectrum of hydrogen 

‘Origin of hydrogen spectrum on the basis of 
Bohi's model 

Detects of Bohs atomic model 

X-RAYS AND ATOMIC NUMBER 
WAVE-PARTICLE NATURE OF MATTER 
(DUAL NATURE OF MATTER) 
Experimental verification of dual nature of matter 


HEISENBERGS UNCERTAI 
Guarain pues NCENTAINTY PRINCIPLE 


‘Shapes of orbitals 


ELECTRONIC DISTRIBUTI 
Esczonc Comgurauon of lemony © 


‘Objective and short answer, “3 
Naa ewe, quwton (exercae) 


d Short Cvestion 


‘Test your 


P faters composed of very small particles called atom. 

* jeonting to Dalton’s atomic theory, atom cannot be divided further. 

| fowever, modem researches show that atom is dvisble, Several sub-atomic particles 
Ihe decron, proton and neutron have been discovered. 


+ thisa gas tube having two metalic electrodes sealed into it 
* Hyena asap ofa sulans ary esi 
"be can be connected fo «vaca m0 fo 

maintain any low pressure. 4 - 
+ The decodes are connected to a hich vate ate ode 


bata. The exact voltage required 


‘pon the lenath of the tube and the presse 
Maes vacuum pump 
* Adit can be used init to get a sharp beam of 
‘dations. ST 
which contain neon gas ota pressure of about 10 
ae hare aso gas decharge tubes called cathode ry 


Emon conn ont 


age bed gs dschge 
f Witam Crooks Experiment a 
«_Hectained folowing resuls if he voltage i a high 3 
ft pomal uses do not conduc decile 
Pressure, 
5000 voi. 


mie Siete 


doce Fvorescence 
+ Prey produce greenish Ihorescence on sing the walls of he gas tube 
‘They also produce fluorescence in rare earths and mineral 
ce alumina clows red and fn stone dows yalow, 
Pte Reon 


Code rave con mroduce X = favs when strike an anode particulary ith high atom 
mas. 


(6 Posseee Energy (Energetic Rays) 
edthode rays strike an objec, it becomes heat up showing that cathode rays are 


seize When cathode reys rom a concave cathode fall on a platinum fol, 
beaInEt® glow. 


emovina election from them, Thus. positve lone are 


‘+ However, when the pretur inside the gas dichangehube is reduced and high voltage 
‘5000-10000 vols is applied, the gases begin to Conduct electricity and a union 
appears inside the tube 

+ When the pressure is further reduced fo 0.01 torr, uniform glow disappeas arg 
fluorescence appears onthe glass walls opposite to 

‘+ the cathode, This is actually due to the stig of some rays on the glass Wal. Thee 
rays are called Cathode rays. 

The colour ofthe fluorescence depends upon the composton of glass. 

* Different gases and vapours of diferent substances were used inthe discharge tube, Al 
different metals were used as electrodes, But ahvays same rays were producad 


1. Towel na Sirah Le 
in 18659, Hit shoved hat Cade ys eave ina 
staightine 


He found that cathode rays produce a sharp shadow of 
‘an opaque object placed in thelr path It chows that 


{hese ryt travel na evelght lie, pepencela fo he RRR 
surface of cathode 


2. Poasces Momentum. 
‘These rays can drive a small paddle wheel placed in 
‘helt path. Cathode rays sie agalne the paddles of the 
‘ddle whee! and make K move, 
‘The shows thet cathode rays are actually beam of 
Daricls which have momentum (le, mass and velocity) 


4, Dhve Chemical Chenge 
These are negatively chargod, So, tht alton cause reduction of a substance. Ths, 
these can cause a-chemical chance, 

au through hin ft 
‘These can pass through a thin metal fll lke aluminium o gold fi. 

Ware to mass (tn rato 
‘Thele@lm ratio shows that they eve simply electrons 


== 


jomion proved that calhode rays are actully 2 steam of negatively charged 


ee he hee oo ra sae 
Sige ie ‘that these are fundamental particles 


| ee ‘nthe discharge tube. He concluded 
The bending of the cathode rays In the electric ond nee | | Sn called those rays as ‘lactone 


‘ognetic feds shows that they ore negatively 


re om Fa ea 
3. Nagata Chorged f 
eal le 
101895, Pern showed that cathode a ate pazalinly ee 11886.» Geman pst, Euoin Gain dacovred anor me os al 
wll se gasdachae he 

He found that when eathoe ays ar assed trough eer oe 
raged te a ned dorms p ee Newt | ey 

Meore 197 4 Thanon sewed a en BRR | te Son us poor a 
astra aS Soe reset gee 


Reema on the Gass wall oppo © anode AS 


These experiments 3 ve eathode 295 
"show that athode rays ar negatively charge. some ra tgvl opp thc 


and alter passing through perforated cathode, they produce glow on the wal 


‘+ Since these rays pass through the holes (canals) in the cathode, therefore, those are 
called canal rays. 
These rays are called postive rays since they cary positive charge. 


oe 

eins experiment forthe dscovery of neurons 

eee —— 

sa heard adit the ese of inthe rcs 

danefom. Ibis ‘pecauise the atornic masses of atoms could nat be explained on the basis of 
ct ly. 

srensandelecuons ot 


‘These rays are produced when high-spend cathode rays (electrons) stike the gus 
‘molecules present inside the gas discharge tube, Cathode ravs remove electrons fram the as 


molecules and. convert tham info positive jon, These ions then move towards the calade 


‘aExperinent 
hod scovered neuron in 1932, He wes avarded Nobel Paz in Pus in 1985 


aay ham ath pares (prosiced fom 
tee ete  eeroatied the nudews of benthm wthavpa : 
ae oar and found tat t gave Mahl peneaing radaton. Charged 
anew! rari ved thee raciaton neural These redatons were ald neutors. 
PP romertiew uf Positive Ku] rk) 
1. Travelin righ ne i aaa ae 
SA olea Sadulens causa eT Con 
2. Produce aths (Peoresceee) acon ae 
“They duc fash on sia ZS bt, ten 
3. Pontioly Chores ia 
These rays ave defied ina elect and tne fd in a way that sous st 
ranionchae ES 
4. Chg omen ole 
(0 The charge tors ai fn sci + Nadpnaatons: This newvon was reduced a 


(i) The sim mito dsnends unon the nature of the ans sed inthe gas dscharge tit. | Firmation of a-Parlce from Polonium 
Heavier the gas, smaller isthe em value ‘ ‘BP "gp $e (Parle) 
(i) The lo. salio is ishest when hudrogen is present, Is because, the postive PHF T  Farmion of Neutron 


obtained from hydrogen have lest” value, Hence is afm rato Is highest 


ac + jn (neutron) 


tHe + fee — . 
* We seers and protons neon Hea ol 


od os 8 fandarenal parte of 


= 
* Hladosen produces the lhe nolive parle, Rutherford calle this postive ptt 


a proton. Ii so considered asthe fundamental parle of en stom, agit 
* From ef rato of proton, the mas of proton was calculated to be 1.6726 x 10° 0 
110073 amu, 
Proms and Elecrons were dicovered unt! 2686 ohd Ihe propetes were come 
J 
/ 


Smee 
"wmot fonts gases 
Nit ga aoe ae bcs acs 


a 
Free Neviron Decay : sion of aneuine and an elector. 
Fre can thee 

ieton decays to sve 8 


understood unt 1695, 


3. High Peneerating Poaer 
Newzons have high pengatne power They can lmock out hich-epeed roi 
pines eee cael 


Feat and Slow Newtrome 


‘Neurons tmveling wih 12 MeV energy ae called fast neutrons 
Nutone tateling with energy less than! el are called slow neutrons 


‘peczors are more electve than fast ones for the nuciear fission proces 
(Camry ont Nuclear reaction 
‘They cen car ct ction reactions when used as projecties 
Exorpies 
2 newton can eecs an a-partiie from the nucleus of nitrogen and bors « 


produced in) HN ——> UB Ste 
(1B Sige moves castors prosuce r- radiations on srikina Cu metal In this proven 


radioactive 5 Cu & convertad into Zn Neutron i captured by the ruceus of #Cs 


and Cu produced. Ths radioactive Cu emis an electron (f- parle} and 
omic number is increased by one unit 


6. Biological Actitey: 


va76% 10 
3 7 Taro | FoR 
ee ed mee | saasex 10+ 
a 


ad 
95. (8): 


iad Thomson's experiment for deerining em wae of ecron? _ 
Fercsrensent of Charge to Moss Ratio ew) of Eh 


‘| Thomson. em 
setdeermine the charge or mass ofthe electrons separately, 
1 Hewubjeced a beam of cathode rays tothe simultaneous effect of electic and magnetic 
fds 2s chown in the figure 
7 Inthe absence of electric & magnetic field, the electrons seat P, 
7 When only magnetic field is applied, the elactrons strike at P, 
When only electric fields applied, the elecions strike at Py 
+ Thestrenath of electric and magnetic Held isso adjusted that the electrons strike at P 
+ Now from the comparison of the strengths of eleemic and magnetic fields e/m rato is 
caleuated. 
Thecaleulated value of e fn is 1.7588» 10" Coulomb, 
+ Iemeans one lg of electron camies charge of 1.7588 x 10" Coulombs. 


in 1897. But he could 


Seana: 
‘iain Milikan's oll drop experiment to determine the charge of an elecron? 


titan OM Drop Experiment 


Sominssion 


“h consitiog of 
consists of a ¢ 
‘of metal chamber 


. 


{Halo has wo parle lecbodes in 
«Rese elctrode has a ali it 
‘chamber is fled with air and its pressure 


adjusted with a vacuurh pump. 
+The apparatus has an atomizer to introduce fine droplets into the chamber, 
‘+ Ithas 2 microscope and arc lamp to see the motion of droplets 
The falling droplet is iluminated by the arc lamp perpendicular to the direction of vey, 
‘Thus, it appears as bright speck (pot) against dark background. 
‘+ An X-ray generator is used to lonze the gas inthe chamber. 


Working 
4+ Thi droplets of ol are introduced ino the chamber by an alomizer. Some droplets ener 
{nto the hole. 
‘© Droplets fall under the action of gravity. 
‘+ Falling velocty ofthe droplets is directly proportional to is weight 
teva ma __(l) 
where mm mass of droplet, q = acceleration due to gravity 
‘© Now the alr between the electrodes is ionised by X—rays. Oil droplets take electons 
from the lonlaed alr and become negatively charged 
+The electrodes are then connected to the an electric field of strength E. The oll droplet, 
‘being negatively charged, ses up towards the postively charged plates, against the fore 
of gravity with velocty v 
le ya Ee-mg___(2) 
where e= charge on the droplet. 
© Divide eq (1) by (2) 
ah a) 
‘+The szength ofthe lect feld Isso adjusted thatthe droplet becomes stand ail Unéet 
thls condtion, mass of the droplet (m) can be determined, 
‘Thus if vp vp E, @ and m are known, charge on the droplet can be determined uss 
equation (3) 


ma 


Coneustone 
+ Millan detemined chee on mary olf droplets shot was AP 
158. 10°C orvmne muliple ot reece 
*+ The leat charge 1.59 « 10°" C on al droplets because when it pcks up one ee 
from the ar the chamber, This value modem wae f A 

whieh 16022 x 10°C car dacon ogg 10 


‘This charge present on an electron, a 
Sterne sr ls the smallest charge of electcty that hs 


eae as of electron from the above hus experimen 
of Mase of Electron 
‘rem ef rato of electrons, mass of cron canbe calculated as 
Sine 


T7588 x10" Chg" 


mm 29.1096%10%g 8 Fl 
ane 


6. (0): 
Iudeford’s atomic radel Is based on the scatering of a-pancles from « thin gold fot 


Decuria explain the conclusions. 


S MODEL OF AUN DISCOUEIY OF NUCLEUS 


wicring experiment 

* 11381, Lord Rutherford bombarded a thn gold 0.00004 em thickness with hah+ 
‘Peed = nartcles, coming fom a radioactive material (radium or poleriu 

* Abam of coparticles was obtained by using @ pinhole in lead sheet. A photographic 
hae or a screen coated with Zn5 was used as a detector. When a -partces suck the 


‘SFaen, flashes of light were produced. iaiilicaa 
* Rhrtord observed that most of the partes went 
«Sa ioc e ae 
Were defected it various angles and ome a 
‘ee deflered baclovard 
Sep, ‘psaom 
1 a 


Skee most. of the a-pariles went stlght, frase | wunsmme So 
central heavy region, which deflects the a-particles, a 
: enfin eee TE Remaining volume of the atom is 


‘Sibi by extra nuclar moving actors 


a 


Based on a= scattering experiment, Rutherford proposed a planetary modal of 
B11. The model we sero solar yee mo, 


Postulatas 


1. An atom consists of a nucleus containing positive charge and practically the whale ay 


2. The nucleus is sunounded by a numberof electrons equal to the number of prota 

the nucleus. 

3. The electrons are in consiant motion around the nucleus In closed orbit like tate 
Planets around the sun. The centrifugal force Is balanced by the electrostatic fore gf 
atraction between the electrons and nucleus, Thus, electrons revolve ercund sh 


@ Exhy___) 
hue E= Energy ofthe quantum —_vaFrequeney ofraciation 
the Planch’ constant=6 625 « 10° Jy 


faerey 
viv he number of caves, which passes through @ gtsen pont tn one second. 
Inedénoted by v. Its units are eyles "tors or Hera (Hy) 


1H» Leyeless* 
ae lisreeted to wavelength as 
vk or vali @ 
Defect 


Whare cmvelotty of Ighte x 10Fmms* 


1. Ruthefon’s madi based upon lays of odon-end-amviation, These laws an be PE Se 


‘ecly anoliad to neutmal bodies but not to the charsed bodies such as elecrns rd 
Mie Length 


‘electron will move in 2 spiral path and will fall into the nucleus, Th Mle the distance betizesn two adjacaft craste or troughs In @ beam of radiation, 
‘hole tom would colpre However, Knever happens. Idanota by 3 
3, Wdeeron emis nergy continuous, then © continuous specmum Inunts are mete, nnometre or angio 
1a" = 10 *m, 1pm =10°" 


‘should be formed. Actual, noms form line spectrum. ER foes zines. 


Behera ° 


A taloted to the wave numberLe: # 88 


4m 1900, Max Planck proposed quantum theory of light to explain emission #4 
‘bromtion of rdlabons. According fo his theory, enemy travel in a dscontinuous mar 
Ins composed o age numberof tiny crete seperate unis called quanta. 


aes’ wy 
Nee Number 


"ithe number af waves par unit tent. 
"denoted by ts units are mor 


1 Eneny i not emited or absorbed continuous. It ts emited or abraded "| Men din eg.3 

<Gecontnuous manner ts the form of wave pockets caled quanta in awe 1 ™ Tay 

atin es i ala pen, ‘o_O as drety proporsonal to frequency 
2 ache pace cr quan ha definite amount fener Suton 1,3 and 5 shows tat ney 


oy 


+ CitWave number but inversely ve the energy esociated wth ther 


‘body can ams ar abworb energy only in terms of quanta 


The enemy of the quantum is direct related to the manson 0% |. Sr the wave numberof photon reser #iDe PE AT ne ahton of 
equation mi weatar sae: A) Ugtlstonships of ener, eaves mE amie made 
re scceped by sient ad Utd 


—Te 
ae fe gems of Ses cic mei. Which pote ie a ct cr re sate, 


Fane) ant gryraet, tak ACINe 20 SmI MYC ICR CATR mtn: 
‘EE 


1 ema maton te ht tie mca cs. Enc cr hm vec mony wh « 


© ae sur 

2 act Se sot ae energy 226 t sere 2 Sat ct Exenty ett 
2F antSA Ny ON EN SIA OM 0 A eB 

1 To econ me enemy hs jugs Ss oe cater tems es Ct me ts 
smu wre © urge fom we Be 
in a tara pun, Se say home Ere 

bE xtrety b 

tacos mn were sty Sone tt, sch ave ie i tere etn 
it The gn aman of a art ty oo i eet 2 
aoe rman = 108 = 

shane n= peng asorvo miner ord eb 1, 2,2 


to lay B loovon + ~ extn ch he Bacon oft 
= me f testo Pines conont = GB + OM de 
‘in. te poi eben soe cman me 32, PP ete, ents, ee * 


saves hy fo ey Sh tone stoke mod wh Sn etween them. bangalore * 
queens ie 
te He 


SE a ua incianteaiiias 
od racer erro ies 


Sasce beeen 


“Tae fx oes ges CC epee ny are 


02, 


* tet 


4 The ects tnce 


A secactce, meee tn aes med te decom pees So 


cetich Sonce Sox ton chin ch Baten. 4 Bien 5 


ze 2) 


hese Vir tg = Concorso cota. 
1 te voces pectin, aoe WA « WOM 7S Im? 


9 The contege Soxce acting on he cece i en 


2 


-+ For union cecal rction, the cept bt the cnecoge oss lance ech 


tr, Tas 


oe 

ie 

5th equation for uot of an dacron  y 
vee C) 


Frage 
Pa tush sue of oe of et el es 
Si aan alactrana rele amen ok fete Tae 

> moves La higher orbs of ge co 


> According to Bohr’s postlele 


ment 
silat 


— iG 


«. 
second 


‘orbit is four times aay from the nucleus than fist orbit, hid obits nine 
‘The vd fourth orbit is sixteen tes away. = 


res on “fa 
—_—=——__—_ 7 —_ 
7 08: Y 


ge fori or clefting the energy fan elecron nh crt sing Bob's me 


Fagin sea sors ein slong 
Tre joaleneray of an electron in an oti sequal fo the sum ofits KE due to is 


nn and PE. due to electrostatic ntracton with the nls 
je ECKE + PE. 


+ Rao Energy 
KE.Isgiven by 
Lig? 
KE 5mv ; 
ze ance vt= Zt rome 8) 
2 Brege m tom 
Fr constant. Is valuets 529% 10°t*m oF 0529 A ge 
+ Fortydrogen, 2= 1, theretore “Potente Energy 
mst Work done is given by 
So, the equation or radius of ob‘ n an hydrogen atom is Work = Force = ditance deus and the decirons the 
1 = 0529, at The eco feof ean ben hers 
‘This, shows th radius of the orbit rectly proportional io the square of orbit rubs: coleurtic force = Ze. the eecron moves through 8s 
Hence higher orbits have more red and ulce vera I means that radius of orbs go Inco 
increasing with increasing ort number, done for moving electron is given bY 
> Example: ek 20s gy (work fore» atsce) 
Forn= 1 r = 0529, 1*=0529A Ange se ¥ from the nucleus, total 


cro at 2 dtc 
In ode to caluate ig tan PE of EEO ee 
Aer done is calculated in binging econ 

between the limits infinity ana 


Forn=2 + ‘Thus above a, is 
Forne3 of 


Forn=4 


re 
ag 
ie 


= 0529, a= 844 “Ne 
Thus ~j2e,e 
Forn=8 1 = 0509, sta 13274 pe =| 
hese ol 
aval paney "Nt 9°% On Increasing with Increasing orb mumbers. The ars &® es 
Hence, we have 


. 
7 


> Thus 


Tol enegy= E= KE. +PE 


eae Zot 


Bregr Srtgr 


o 


77 On substituting the value ofr fom equation (5) 09 (7) we get 


Where isthe eneray ofthe electron in nth orbit. 


> Putting the values of m, 


2a 


Be -216ei0%2 5 


ah 


For hydrogen atom Z=1. Thus 


€=-218010. 


4a 


mae? 


7 The neo ney esto with {mole of (1.008 wi be 


Bes 218ui0% 
F 
ee BE Sin 


Hence 


1000 


2, 60g 


The minus sign indestes tha the PE. decreases when the eletron is brough 
dletarce'' At infty, the elearon snot extracted by any thing, 


from og) 


2288 3a 
12290 sen 
ped eee 22 98 a 
waned oye cs ae 
Fears 2 64 < #82831 9 4a) mole am ne mera 


Ths, value of energy goes on increasing towards higher orbs 


+ Tha energy efferences between adjacent abil are 
Ey Ey = (-328.32) ~(- 1313.31}= 984 99 mol 
Ey Ex = (+ 145.92) ~(- 928,321 = 182.40 no 
Ej=Ey = (- 82.08) -[- 145.92) = 68:84kImol 
Ths, cliference of energy between adiocent energy level goes on decreasing, 
We By— E> Ey Ey > Ey~Ey> 


}* The energy difference between first and infinite energy Weve is given as 
8x) ~Ey = (0) (+ 191331) «131531 Kol 
ie lonization energy of the hydrogen. This value agrees well with the experimental 


Per 
mea See oF dlaperston ofthe components of whe Ih, when I x paswed through 


uti called «spectrom. 
tere seas sn aaa Stir 
Agee un and eect bulb cons of ations er 

ron wavelengths, on 


this light ts passed through a prism its 
Rhee de 
Nooger wavelengths bend (a smal degree while 


— 


RIEL FES Sy SESE NS SISA ARE | BANNER) | 


Atom Sercore 


ate Chemin: Pett =a a 
the light of shorter wavelengths bend to 0 greater degree and thus diferent cong. Pe sen separated by dark sPaces. The number o ines and distance between them 


obtained as shown in the figure pon the nature of element 
Electromagnetic Spectrom: pl: 

(inte and Incttble Spectrom) erpespecum ofN cons clo ysowlins separated y a dite dance 
Thee are seven regions in elecromagnetic ily tbe secu of yrogen con of unter of nes of diferent clus 
gpecrum One i the visible region The eb definite distances, In byron ao secu, = 
Specrum of white lights vise to the naked eye sie betien ines decrentes wih decrease in weveleah | 1 
is knowm as vsble spectrum. Is range is from Geiger certain wavelength, the spectum becomes 

400 nm to 800 nm 

Other are: 


ef Atomic or Line Spectrum 


‘+The reys having wavelengths below violet Spectum ean be of WO fypes 
are Ultraviolet, Xorays and y-rays. These tent 
‘Namie absorption spectru 
have photons with greater enery. ee Lanwaai aman 


Above red are infrared, microwaves and 
radio waves. Al these are not visible to the 


raed eye 
These rays form the inusible spectrum, [osm cion | 


of Specisus 
There are two types of spectrum 

(@) Continuous Spectrum eg. Rainbow 
(Gi) Line Spectrum e.g. Atomic Spectrum 


‘The spectrum in ishich roye of diferent wavelengths diffuse Into one another a 
eftolie boundary can be drain between them ls called continuous spectrum. 


‘Example Roinbow 


Titans ioluseneltvdwoma th) SET 
ie see ee oe Nace eee peste 
eee 


beng: (Origin of LIne [Atomicl Absorption Spectrum) 
When wiite light is passed through a sample of a substance, it may absorb particular 
ors. This ight on passing through prism wil fom a spectrum in which dark lines will 
-reent in place of absorbed radiations. 
[thas been shown in the fig. 


Ie@ 3; 


Penehvon Socirung on Alonie Lisloy Shela 
"Mt bright liner are separated by dark bends. 


Tear tern Of Atomic Emission Specrum? 
bins Vins an ei a Jecticdacharge 
ena substance is heated or subected oo 
2 — = ations will produce bright lines on & 
the origin of li fag "lations of definite wavelengths. These radiations wil product 


es dhoen the it 
The spectrum in which dark or bright Hines are separated by bright oF 
ied tempera 
‘Qniain of Line Spectrum 

Line wpecrum i characters of atom, When an element or <2? 
volatiized on a flame, it emits light. When this light is seen through a spectromela” 


dark 1984) 


or is comm 


Ps 


NOTE 
The postion or wavelength of nes in both emision and absontion specrun, oe 
‘element s same. 

In emision spectum the lines appear bright whe in absorption spectrum these ing 
appear black, 


Fnereise O10. (a): 
What specrum, Differentiate benween continuous specirum and line spectrum, 


nh Dah! tres ae Lepacint Pn heed ee 
pa bra an 


Tes formed when the substance [MM Is formed when the aibelance Win 
is in excited state. Lunexcted state, 


(Continues Spectrum 
Th ths, coloured are diftsed 
‘mio each other and they are 
ot separated 

Each colour in the band has 8 
range of frequencies. 


Line Spectrum 
consist of dark or bright lines 
BT porated by bright or dark bands 


Each line in the spechum has i 

EJ oun characteristic colour and 
frequency 

By The i distance between the ine: 


Iris harecionste ofatoms 


Bs obtained by heating a substance 
o* by passing poiychromanc ight 
uous 2 substance and then 
Passing emined radiations though 3 


isotopes 


Itis formed when the substance [MM It lormed by wansparent gases] 
is excited to vapour sale transparent iquds and solids | 
Fr I formation eleczon jumps fll For is formation electron jumps Rom] 
from ‘higher energy level to fl lover enemy level to higher ener | 
level by absorbing energy. The 
absorbed radiations are indicated by 
cask lines. 


“Absorption spectum of diam has 
two datk lines separated by baght 
bands 


has two yellow lines separated 
bby dark bands. 


se igen ed i ache ube vy oa ps es sh ok 


Sih when seen with spectrometer shows many ines ced spectral 
‘be cated into ve groups caled specal sees 


5 Lyman series (U,V. region) 
8 Belmer seres| Visible region) 


| pte myn 
Tar 


AR mate 


AR rata 


Tae Lo 
Se Abe I aa] 


Bi 


According 19 Bots theory. when hyxrogen atom is heated 
or subjected 10 elecese discharge. ts electron moves from lower 
cdr nto Ragher obit ny". When this electron comes back, it 


sets same energy in the fom of photon of ight, 


4 ie series of speczal lines are present in hydrogen atom 
perm 

Series Name omy Resin of Spectrim 
lymanseres 12.3.4 ulbaviolet 
Baimerseries 2 © 3.4,5. visible 
Puchenseres 3 4,5,6... infrared 
Brackett sees 4 5,6,7. infrared 
Phundseres = «5S 6,7,8.. infrared 


<0} Bohr's Bode 


Exerciee Q9. (a): Derive the following equations for Fydragen atom which are relaied 
(i) Energy difference between zo levels, n, and ns. 
8 (i) Frequency of photon emitted which on electron jumps from 19 
Lit Wave number ofthe photon when the electron jumps from nst2. 


AE=hy =E,-E, 


~ Let energy of electron in higher energy orbit nis 


a bore bo Bulla 


[2 Aezording to Boh’ postulate an eecron emis energy inthe form mi photon whe 
Fm hom higher ene ri tans enegy oot seek ex 


sod, energy of electron In lower energy ort is 


i teen adjcent 
164 shows that the frequency of photanemited goes on decreasing 


5 we move towards higher orbits. 


ame 


* Sree cevnorve and therefore v=.cy, Hence 


AE LISS NEN EGAN OLEATE | 


tae amt: Pat = ee epenit: a gone: 
pe 2 nes 
¥ 4 
“+ For ydrogen atom Z=1 sain (3) sei 


where R=. «1.09678 «107 mrt = Rydberg constant 
aden 


peesial 


7 
‘ roncrevigt 4) -Losreaio[ 


al lies in 


27421210 mr" The 


in vib 


Earce O 
ust tht Bor’ equation forthe wove number ean explain the spectra nso 
Balmer and Paschen series, on ‘ ihe! 


(Catestotiome ot Wave niniters OF 


+ Silty wave numbers of other series of ines ie. Paschen, Brackett and Plund series 
tan alo be calculated. 
+ Thus, Bohr's theory explained the specrum of hydrogen atom. fy 


Botr's theory can be wed o cult the wavenumbers of specrl seer of en 
‘spectrum of hydrogen atom. am 


Erercise Q13: t 
Pit out the defects of Bohr's model. How these defects ore partially covered by dual nature 
afelectron:ond Heisenbera’s uncertainty principle? 


Bohs theory explains the sibility of atom, laniation energy and the specta of 
‘yogtn and hydrogenlike atoms containing one elecron eg, He", Li", Be” et, 
Ithas following defects 
(8 keean not explain the spectrum of mul-ecton stems ike He, Be te 
(0 High resolving spectrometer shows that individual lines in line spectrum of an atom 


‘actually cons! 125, e.g. Hacline in Balmer consists of five. 
ing Ta eee turn &mulene Bohs bea eamot exlain hi fne 


Shucture, Splitting of lines shous that ony principle quantum number is not sufficient. 
Aimuthal quantum explains the spiting oo spectal Ines 
(Bohr suggested circular orbits for electrons. 
"lon of electron around the muceus takes 
Storie model i not fat aes 
wm of atom is peruano 


ootonsr6.a04 Jy 


However, researches have shown that the 
‘place in thee dimensional space. Thus 


y 


sie. 


Bots theory cannot explain Zeeman fect and Stes ec 


Like SE | 


‘lem em: Pod = 


To expian Zeeman and Start afer, Sommuctld mxqene’ ix 1915 Sat 
stecrone werdun might one athe ar cen ee 
in this motel, nucieut pret 20 one of the foci of the eligne. The | x) 
igen put of ocrer ome on change mn mace wed tt cms a \\/'\) 
over 95 the acer otf: al es “= N@ 
>— 
ra 
What are Kays? Whox i tht origin? How ae te es of ste number derived, fom te 
dtacovery of Koro? 


When fart moving electrons sre « heaoy metal anode rerface In 9 discharge 
some highly enungete rape are produced. Thee rope ae called Kapa, oe 


Im a gas discharge tube, electrons produced by ape 
heated tungsten filament are accelerated by high voltage. = 
‘This gives them sufficient energy. Thus, when an electron "*" ee 
suddenly stops on colision energy is released inthe form 
of elecwomagpetc waves called 9. aye 

The uavelength of X-rays depends upon the naire of TE 
the target moter Every meta as is can character Xen, 
Bit ul 

‘When X-rays are generated, they emit in all directions. These are passed through 2 sit 
2nd then through aluminium window. These ae then thrown on a exystal of K(Fe(CN 
which anakjwe the X-rays. The rays are diffracted from the crystal and a line spectrum of X- 
rays is obtained This is taken on 8 photographic plate, This X - ray spectrum 
character of the target material. This spectrum has dserete spectra lines. These lines 2 
‘grouped imo K-series, L-series and M-series, Each series has various lines a Ka Ky LoL 
My Myete 
‘SEL ESS 
eas, 


smc roouoey of erat tne In Kory rpecicum vores asthe vquors of ome 
WenatZ-b) 
= This linear equation is the Moseley’s Law. 
Kay where v = frequency of emitied X-rays, Z = atomle number of element 
Ee pecan Contd: b= screening constant ofthe met 


“Ti aw shes that pol acd chee ripen a eect agen gree 
axel 0h on Bere ee. Hares, Meta eos ‘ale 8 Seo on oe 

marie 

oole/ Experiment 

fr 1912 - 1914, an English Scents. Meniey studied the Yorays emitted by various 


neal. He used 3B ditlerert slererts frm Akitinnim to Gold me get net ceed 
euceneth ronge of 0.04 - BAY He obtained mary uaekl rei 


eratte of Mosley's Research 
1. The emitted rays are clasifed into two groups 
(a) One with shorter wavelenaths are called K ~ series, and 
(6) One with longer wavelengths are called L~ series. 
2, Wavelength of emited X-rays decreases with increase in atomic number of target 
material 
43, The relationship between frequency (v of @ particular line in X-rays and atomic number 
ofthe element is given by 


Importance of Moseley’s Low 
Moseley arranged K and Ar, Niand Co in a proper way in Mendeleev periodic table, 


(i) This law has led tothe discovery of many elamentse g Te (43), Pm(61), Rh(45) 
Ui) The atomic number of rare earths have been determined by this law 


WAVLPA CW ENATURI-OF MATTE 1DUAL NATUKE ODM 


Einstein and Plank showed that Lght has both wave-tke and particle-like properties 
qn inmotion aso 
utron,aloms and molecules ll have 


re-partce dual. 
and the momentum ofthe parce, 


ties, Thus, electron, proton, 
Seth parison wave ne properes. Te wale wo 


He obtained a relationship between he wavelength 
by using Einstein & Planck equations 


Einstein eqis 

B= met —— 0) 
Plani’s eqis 
Exh ——@ 


f 


SARE NTE CES 


6 


ana =a tse, 
sims, an «— price moving wth sane 
eee «sii, on Parle Mung th save eaty woud hve wadengn, Pon, 
md = hv 
+ Nay coder a mas of 001) mova uth» vty 10m wre 
mea ME Since vee vite _ 
6625 x10 
wet hay DooTHI0 
: 2-= 6625 « 10-%m 
wet 
* Triswavelength is mich shorter Itcanotberensted by any method 


For a particle of mass (m) & velocity (v) the de Brogle equation will be 


4 i 
elm 


* Parcle has both wavelength (A) and momentum. ic, it has both wave and paside 
properties. Thus, it has dual nature. 


‘Tu, healer bodies also have wavelength but their wavelengh cannot be measured. Ths 
‘ibmld that heavler bodlies do not have waves. 


yesimental Verification of Dual Nature of Matted 
Dies ond Germer Experiment 
{1 1927, two American scientists, Davisson and Germer gave expetimental verification of | 


toe wave nature of electron, 


+ Thewnvelngth of paces ineslyproporionl ots momentum ober iM ol et sy ons cr ed 
2s, They observed that elcro’sdffacton was simar othe Kray itacion, | 
p Banmls Noreover, they experimental calcite te waventh of econ, which uae snr 
* Consider an election moving with veloc 2.188 x 10! m + ‘Batelco theoretaly using de-broeen, 
calcd as This, Davison and Germer verified de-bog'c, and dual nature of lecton 


Mass of electron =m = 9,108 x 10-*hg 

Planck's constant = h = 6.625 x 10°) 

Velocty of electron = v= 2.188 x 10¢ms-! 
Wavelength = 20? 


* Davison. and Germer got Nobel Prize for inventing apparatus to prove the matter 
sie, 
* Deol aso got separate Noble pre forging the equaton of mater waves. 


UNCERTAINTY PRINCIPLE 


Hence 
lun given by Wemer Helsenberg in 1927. It states 
net 6625x109 It 4 Impossible to determine shnulteneously nd precisely, both position end 
TOO DTG RINnturi fa amall fant moving pertice eg. electron. 
4.=033 x 10-%m zl 


timeans the more we cain about he positon of park the ess wl be the ceraity 
‘ilsomentum and vee verse stad 
tepttneeriany in postion i dx and neta a 
*etenberg 


Or 2=033nm , Since 1 nm = 10-*m 


* Reeeioas Sf moving electron offi obit of Heatom Is similar to that of X= 


's Ap, then according 


For a proton moving with the same velocity, 


than that of elecron Wavelength would be 1836 times smaller 


 orting inger = (Atomic Sia 
‘ igor 1 electton is considered as a 
ee + Soang wave and it does rot occupy s dette tesa® so 


‘To satisy this eq. It's clear that if uncertainty in position Le., Axis small, un 
momentum Le., Ap willbe large, and vice versa. attny 


Explanation i terme of Compton Ect 
This principal canbe undersood in tems of Compton ect 
re cemon 2 vey sal partie. Therefore, to locate #8 Poston ih hen 

sweveiength shone: than i sae i used. (eg Xz) 

However. scconding to de Srogie equation. 


Be the segon in space mn which 
probability of finding electron is 

maximum (about 95%) 

Ths tern is used in quantum 


This term is used in the Bohr 
theory of atomic sructure, 
tis bro dimensional 


tis twee diversi 


Each orbital contains Maximum two 
electors 


‘Number of electrons in an orbit 
‘is gen by the formula, 2 


arses Tk th thes wear nanine ch decom Hemenberg $9 that i coer’ 
tena 4 
Tnoretoe GIA. toy- 3 


Briy daca the wove mechanical model of otorn hone has given the idea of cts 
Comprre orbit ond orbital, [Rawwalpinch Board, 2012 


‘Only probability of elecion given 
in an cabal 


eee O14. ay 
ore quantum number? Discus ther srticnce 


The volome 
led orbital. 


sptenaton: Wave Hechankcel Node of Atom ai 

* Hetero unceraey rnp soy that i imposible to detain sins 
‘nd precy, both positon and momentum of small set moving patcle © 

* To overcome this problem, Schrédinger, Dirac and ‘Hetsenberg: 
Imachanical modo son. Th be theory that of Screener 


att Sheotour of electona te ‘pace cround the nucleus le described by @ set of four 
called quantum numbers. ne 

Saggntim numbers are se of mea value whch ve seceple wh © 

equation for hydrogen atom. 

eat auanium numbers ve oan by song Se 

a Numbers due tothe tw flere! estos 
ke 

r 


Antiloclwise, 


ugar wave eation wie pin 
s{aetvon i a magpie fle, 


“Quantum numbers are 


+ Eitows tee axpronmane dence of decooo fom She maces of as a 
+ Psdmunmt ty te sateae 22123 
+ Yale of an soon the energy arc stance of eleon form the ace 
Coren Soe wale of = eae il be energy od ace of ee 
ste mucieus vice wena B's the measure of sxe of electronic shel. bal 


fod Gmtinhel 22 + 21) = 10 eeceong 


= [e3 fstbohell 22+ 3+1) = i cecnone 
> Remcerensamenbramenette Se ieanie a? ep of Sub Shell 
- ake of ako tells about the shape of otal 
1 x A brio summary & given below 
2 L “Subset Shope — Maximum numberof Becrors 
3 M D os spherical 2 
x oe 1 P dumbbell 6 
2d sausage 10 
3 comples “4 
tt gues informacen about Subshee 
Origin of Acted Quaneun Nesaber 


Hcionehip between Principal nd Azionithal Quantum No. 
Terelatonship is as follows 


shell i further divided into several sub-shels. 2Shell_¢ _ Subshett 
‘These sub-ahells are explained in tems of acrmithal quantum number. 1k 9 saa 
. 2L 0 sia 
+ Hhas value fom 0. 1,23... (n-1), Sa eeey 
+The numbers 0,1, 2,3. comesponds for vaioussubshelle ar rr) 
Examples: Y  p6p) 
Ostands for s-subshell means ‘shamp! . 2 aga 

1 stands for p-subshell means ‘principle’ TN 0 sta) 

2 stands ford. subshell means ‘itive’ 1 pp) 

3 stonds for -subshell means ‘fundamental 2 aia) 

‘Tes terms are used to describe the series of nes nthe spac 3 fia ete 


Number of Electrons tn 0 SubsSheit 


Manns th shape ot subse n uti the acronis poset 
stirs umber of lecrons ina subshelcan be obinad by sing the formule 


oof as gsc sb 

Oe aa ta ine i mlinkeieian Tova ae 
Geet eee nee er epee an 
quantum number. ri 

re 

LSS Loney SM CRANE 
eoeatane 


+The value af’ hows the different ways in which a particular orbital ean be anange) 


in space. es 
Exompies: 
(When = 0, ssubshel, m=0 


Ir shous that orbital can be arranged in space only in one way. Thus, is nat futhe 
sub-divided into other orbitals, It is aspherical and symmetrical orbital In this probably 
finding electron is same in all directions, 
(i) When pesubshell, m =~ 1,0, +1 : 
It means that porbital have three possible 
fovtentaions in space. Thus, poial is further » q 
sub-divided into three erbitale along X, ¥ and Z-axis m ry 
‘These are writen 26 p. Py Pe These thee orbitals are : 
resent perpendicular to each other, 

In the absence of magnetic field all the three 7 
Provbitals have same energy. These are called Sold 
degenerate or tiply degenerate orbital, 
(Gi) When = 2, d-subehall, m= -2,-1,0, 41, 42 

“Thus, dsubshell is fold degenerate. 
(iv) When &= 2, d-subshel, m= 3, -2,-1,0, 41, +2, +3 

‘Thus, f-subshell i old degenerate et. 
Formats for number of posable ortentation of orbltale 

For a given value of, the total values of 'm' axe (2¢ + 1) 

Thus for 


S subshel (2 x 0+ 1) = 1 orientation 
P-subshall (2 x 1+ 1) = 3 orientation 
(22 desubshell (2 x 24 1) = S exientation 
=3  Fsubshell @ x 3+ 1) = 7orientaton 


aonatip benseen Principal, Azimuthal nd Megnetic Quantum Mos 


“The relationship sven below 
te 
Lo _2 1s 
yo 0 2B 

1 Ln 
9 | ma 
+ tras 
3 0 & 
a 
Cr 
a cen 
2 2 My 
Ine 
o adt pote 
+1 Sd loca 
42 Mae atom 


lesebes the spin of electron isan atom. Itis denoted bys. 


Orn of Spin Quantum Number 


‘all metals have one eecton n thet valence sel. Whan this elacon jumps rom the 

ted state tothe ground see, i emis Bgbt and forms a ine specrum, High reso'ving 

‘ecoreter shows that eech line in the line emission spectrum consists of tuo lines. 

This tc called doublet structure. This doublet structure s eifferent from the fine tne 

‘Susture, which is explained by azimuthal nents A 

lines explained by azimuthal quantum number are close! 

‘oa win doublet suc tu es ae wie sed 

it and Unlenbeck 2 a-slecron 

e "This calied selloiaton. Krmay be 

‘otkuise of anticlociewise, So an electron generates two ated 

Tampetic fields die to two opposite spins. This spin motion 

oucas doublet line srucure nthe eri spectrum 
‘om, Itean be explained by spin quantum number 

pin quantury number olen eecxon may be * YO" "8 


ee 


— — crete ene 
a mn 


une ties reeboet 
Consider he shapes 8, and denials 


ag # oth re value f nat avant ne fei. Thos haw ony 8 
‘ntoal 


‘orbital is spherical 


Sie of scrbitalsinctense with increase in th 


‘Thus 2s orbital i larger in siz than, 


gx soars Le! Ga 
ere, 


eres: 


“ruse tee orbitals ae written os 
ereit erences 0 each tar 


ite s-otatals hae sens sce, 


A A pati Wiens wih varssee se vase 1 


These tive ctitals are unten 28 de dey tea 8064 a 


Mie fe cbtale do nt have sane Shape. yy ty 90 eg ve fot Sbes each, 


‘ie dag have only two lobes and a doughnut a he centre 


Po A 2, ws se begs 


peta hs Seo netse. Toss #6 Sete thage 


ee i a ce a oat 


Bic aioe 


Thai five values A magnate. asortun numbet fn. dated. Tw hae ve 
‘etabone i space, 


+12 indicated bys 
5 Opposite spin to that of fst 


‘jrother electron enters inthis orbital only if ith 
‘hus fo his second electron 
nL ¢-0 m=O &s=-12 indicated by 
‘Thus to electrons in an orbital will have opposite spn indicated by and the’ one ' 
qantum number Le; spin quantum number wil be diferent 
Thearrangements {} and 4 are not posible. 


bial containing two electrons with opposite spins called completely filed orbital and 
sles are sald to be paired, 


Otbital containing one electron is called half-filed orbital & electron is sald to be 
apeied. 


1 An orbital ike , py By Py and dy ete can have maximum two electrons, 
2 he maximum number of eles ina shel is calculated by the formula 22 
isthe orbit number. 


‘There are some rules for the distribution of electrons in diferent 
sub-shell 


here 


‘According to Aufbau (German word, Building up) principle 
Etectrona ore filled tn aubahetle in ordar of tneressiny energy 


‘ 
i. { 
: Tina ail ein bait ie . 
uer the in ‘ecording to this rule 
‘ versa, iit z ees ‘Vorbitalecof some energy are avatlable, then electrons will go in separate orbitals with 
‘+ It two orbital have same (n+¢) value then lower the value of n Seas eeen citeerre ctl ety ores fo ich a way to give maximum 
lower wil be the enersy of orbital & vice ‘nother words, electrons ara debuted in an atom in such a way to g 
‘unter of umpaired electrons. 
Orbital int value nvalue Remarks Bumples: OO c 
{Rater pa 
4 Thus 3dbof s@MGnn 
4 lower eneray Ts 28 2p, 25, 25, 
] 
‘Thus on the bass ofthis rule, onder of filing of orbital wil be °HMOT ra 
ph 21 2 3 3p 4 3a 4p 5 4 Sp 6s 51 54 Gp To 5 6d 18 2 2p Dy, 2A, 


iit jnronaibe for tin electron realling inthe sane crbtal of e poty-electran ct? 
{0 hove the same values of four quantum munbers, 


rag, ewer the some eral shuld hove opposite pin (ft) 
Example 


Consider 1s orbital 
For a singe electron in this orbital 


OBJECTIVE 


Hdrooen a) the nature of electrode 
Tor — —] (thera of the dachage be 
Gham ar aa {e) the nature of the residual gas 
Bevfium z oF aca {d) all of the above 
Boron 5B TF OF Oph Oph pF ——~ ‘The velocity of photon le 
Caron G TF BF2ph yl BE —| (Independent ofits wavelength 
Roe a pe oo (b) Depends orrits wavelenath 

7 IBF ph, apt, Oph =a () Equal to square of its amplitude 
Cave Gg IF BT OF pl, pl {€) Depends on its amplitude 

i are = (eb Boer, 2005) (0.6. Khan Boor 2012) (Msn Sow 2011) 
= 7 mae The wave number of the light emitted by a certain source le 2 x 10 m. The 
magestum i es 4 Ly wavelength of this light will be - 
‘Aluminum Z = Lea 4 (a) 500 nm (b) 500m {c) 200mm — (d) 5x 10m 
= a EE Ben 205) Re aden 

3 

oF 8 frase ae 4 Raters model fom ad becrne pe on 013 
Sahar 1 ee {2) the atom did not have a nucieus and eecron 
Gore Pear oe a (b) Rid not account for the atraction between proton and neurons 

7 rear — (©itdid not account fr the stability of the atom 
= = Pea 532, (A) thre i actually no space between the nue ad the electors 
Pom 3 alar 
Calcsarm a model 1m is contradicted by (Multan Board, 2008) 
Scandum 7 tater heseeeet: (b) Paul's exclusion principle 

Ey WIGS, 38, P,P, OP, (0)Feisenbergs uncertainty principle (4) Allol te nbowe er 
iL Pal te 
Vancom = "9 SoUtg ot epactral Ines when nome ae ebjected to tony slate 
‘Cincom EI = hs Zeeman effect neces 

() Photoelectric effect oar 2011 (Grace oer, 
2 = re Fae lle Sigal B07 st or 0 en er Rt 
iced % Vela Bat, 3d, Bal Oa g Bde (a) inten Cormeet 218 Les poplcaal 
Cobalt Ea Wiad aaa aa | fathe ground state of or shal 
[ea (2) nthe nucleus (b) inthe second 
— Es ATi 3 Pan, a {0) nearest to the nucleus * et fom 
Cooper Ed CE a oar, 2013, 2014 
La 3 a Sa ap a a gc re eve 
—— 7 Te a Batt aor inp peter lee ara 
cmd 3 netting  (gn=2i=0 or 201, B08) (abo Dor 2010 (tee 
a a) Sein 2000) tan Bord 2910) 2019 rm 
\ reel B 
mn} —3— 


(a) Orbitale having same energy are called 
(a) hybeid orbitals 
(c) degenerate orbitals (4) d-orbitals 
Sansa Boor, 208 Gerace Boor, 208) Sago 
‘E10 Famitbed Boo 201) OG Kw Bows 212 DG. 


(0) valence orbitals 


Boe, 2009, 2012) Raman 8 
no Boe 2012) 2009) 


(x) When 6d orbital fe complete, the entering electron goes into 


(im 7s (e) 7p 


SETS Ee Sore 2H arch Ba 2010, 2012) Gaps her, 212) kag 
Bar 


BEL Karon ort 2 


Dine 


Fea on ae pecan ote et 
| peer 2 be dace she 


‘eam 
‘Seer amet ges ee Set rate of 
Teenie. nate of poe tae Beet be 


eS 
ee 


ce 4 210, ene 


(a) 74 


bea rere 


diss 
elec meta Sonia 


| TE 


‘Aezoog i Ruberou stomie odes mck 
‘decom mat emi energy contucny he onl 
eton wl nove In pl path eed wf 0 
th malo, Therefore eke nen would cele 
Himes, Ruteon mc doo ot scout lr 
ably of aor, 


‘When eninon mpc of exc Frtca 9 * 
‘on elect tne ae lt wp no 
‘component nes, This cal eect 


‘andar ob Hen, io Zp oi 
“Tuer 2p ota, n=2, let 


sa 


@_Pillin the Blanka with sultable words 

| peparicles are nothing but ‘moving with a very high speed. 

5 ae charge on one mole of elecrors coulomb. 

‘The mass of hydrogen atom is grams. 

jn} The mass of one role of electronsis___grams. 

Energy is ‘when electron jumps fom higher toa lower orbit. 

{i The ionization eneray of hydrogen atom can be calculated from model of 
stom. 

(i) Ford sub-shell, the azimuthal quantum number has_ value. 

(a) The number of electrons in a given subshellis given by formula. 

(3). The electronic configuration of H 


fitelecteons (ii) 96500 {ih 1.66 x 107% fv) 5.48 XO 
itrelonsed (uD Bolrs J (i > gag (i 2020615 


fis) 12 


oe may be 


3. Indicate true or false as the 
4} Anoution isa slighty ight paride Ee Pane 

Apphoton is the massless bundle of energy but has momenturn, 

I Trent of Rbers constant the recipes of unto eh 

18) The actual isotopic mass is a whole num elie 

Sl Hesserbergs uncertain prince apoleable 0 macrosceiDo 

"4 The nodal plane in an orbital isthe plane of aero electron dansi¥. | 9) 

[Rl he number of rb presenti abel alec 

i The magnetic quantum number was introduced to yn around the nucleus. 

1 Spin qantas mbar tel sve drecien opin of eECrOn 


fu False, 


(in Fae 


Is) Fale 


Gi Teer iy Tour 


(ii) True (eit Tre 


ps a ae 
Seog a tna tha ncange abe ze 


a IEG il 


; 2 THN EA j;, o™ 
~~ [af 206 3\ 
eC RY SENATE IA NES |: } 
poco Lael ma feet Secs 
‘alin memes af Li: J 4 cri, fen Goldsein used a cate fx te tacovey ot pot ap. he 
Pane ee - placid cathode have small pores which cts anal on Since postte rays pane 
(0 Te" Recomm te deerose the preeeee tothe chorge tube 10 get sg Grech these conanis therefore, these are abi cae coon ope 
rm? Sank ED Sees ork 20 Comet a eal 
08 Comes not cond lertcey t normal premure Wj? eord Zien, Gi im clef Poe oe So eet gas oe eet Fa ssf hss 
J tech Prema, loge amount of goa is present in the discharge tube It sil cay | 8 ape the cfm oalues le the same, Maeve Board 2010; Rawcin Boer, S011) 
hindrance for the movement of electrons (cathode rays). Thus, ‘conduction ecient hy the properties of postive ys depend upon the nature of he gi? (Raven Boxrd, 2007) 
ditfeatt Era ee is acai “Moreover, nature of electrons is same in all atoms, Thus, en 
no icc Cee rea LM i el, ator (thd og 's same for different gases. 
move and conduct aay Hence, it necewaty'to decrease the pron in “pai moe pedicel toate gs te he hae ue 
duchonge tube to get the cathode rays, ‘eg, consider the ionization of He and Ne 
a pi to OM Hete —r He + 26 
(0) Wiichecer oe te wood inthe dicherge tab, the nature of ha Raa 
the some. Win? sinat sae be 
(OM Cathode rays do net depend upon the nature ofthe Net+e Neto + 
cathode nature of gas used tn the ferent 
/ See naan ee 
ON gn” he of eho rp sme fro gs: (Sra Bead, 2007: Late Bo ty, ‘udel. Hence, e/m ratio for different positive rays is different. 
ag 


a ‘hydrogen gas ls 1896 times less th=; 
wae eatoas ge a ae Snags 


of protons andthe 
ys obtained om yarn a ache ibe cos of rons 
agers ae of electrons. A proton and an electron pave opal ae saa 
‘utatass of a proton is 1836 times greater than that ofan electron. Hence, 


‘stive-ray obtained from hydrogen gas is 1836 times less than that of cathode rays. 


=a 


Shed on Page 245 —— 
a oc Esag sala olor 
‘GUWiac 13 Thomson's expetnet for determining sn ele of let 
lon Poge 246 rm = 
|G ehicte mass of slaciron from The above hwo experiment. 
\Blite mae of electron fom spain 


Scked on Page 247 
Sot, 


ha ering a pr Fo +i ld 


(0) Why im lof th abode ala au Ts hah Wf inonP ea 
Horanae band 2007 OG Ken Sond 2012 Bahar Bond Sov Ogaihe Bart 
Schantae Burd 209 Carma bose is 


em ratio of cathode rays is 1.7588 x 10” Cia, which is equal to that of electon. Ii 
because cathode rays are basicaly eloctrons 


(0 The bending ofthe cathods 
Sr nepattoely charged. 

‘Sehoed on Page 240 

(0) Why portiog rape are leo calted canal rope? 


(kihon Hoard, 27 Koad Kastor 004, 201 
erred S108 re Se te eet 1 Bark 


(270 inthe elaciele aod mogneile falda shoves tat 9 


Jo Diese te and expla th conlulon_ 
on Page 247 


—— 


= op 
‘Solved on Page 250 

(Bl Deve the equation for the raion of th ob of Ryrogen stow wing Bole mag” 
“Solved on Page 250 3 


(cl How dows te above oqction tall you that 
(0) Badia te dmctly proportion to the aqaare ofthe number of orbit. 

(i) Radiws t tneroely proportions a the member of protons Inthe nucleus. 
‘The equation for rats of n* obit of hydrogen atom is 


rofl 
— 
or rt op ra 
ame™ - 


Hens i eon hat 
8) fe mc icy pop a me ine ot 
Tc ive poprinal othe mre 2) uhh coven oe 
number of protons in the nucleus, "i 


Fonel f= 0529, I= 05294 
pane? 1 = 0525 2-214 
Forn=3 1 = 0529, SATA 
souehwe ean Sh 


“hus radia of obi goes on increasing wth increasing ott number. 


sis Fol eel the way om Sacon Bw ong BON> 
i ag ns theorem 


ee 
(Wl The potential eneray of the Bowded electron le nepetiee. 
Whe poten SS 


‘According to Boh’s theory, Potential Enemy = PE. =~ 


thot the PLE decreases when the lecton is brought fom 
the electron is nok atraced by any thing, thus PE. er. 
fed by nuceus hus PE i ess than 270 


‘The minus sign indicates 
Hiniy to distance At infinity, 
Na point nearer to dhe nucleus, electon i ate 
le negate 


1) Plow de you come to low tha the valocton of cecron ta bigot 
‘han hela aero ef drogen son? reer 
‘According to Bohs theory, the equation fr veloc ofan elactrn in any ois 
i 
Treg ars 
This equation shows that square of veloty of electon is iverely proportion 
nt cet (renee ata note nae rasa = 
tcl. a the election moves to higher obi of larger eds s veloc decreas 


{@) dusty thet the distance pape beimeen diferant arbi go aa lncraaing rom moO 

re 
‘According to Bohs theory, the equation forrdius ol orbitin SSS 

1 0529 oF 

This equation shows that radius of the orbit is directly proportion the unre 
umber (nl. Hence, higher rin have more ml tnd sen nosey oe bat 28” 
‘fbi goes on inresig wi nresing rk mumberr, 


| Increases, 


[Total energy athe hounded eleciron le lao negative == 


mg 
ecorting to Boh theory. Tet Enews = Es" “aah 

chs the lcton i brought Kom 
Te mins sig nates tht he ev deeats wt he eon & ry 
sty dance A ty, Be oa 8 hig, see 
stay ean A den tes rae ey et 
‘Senate nese. 


‘cording to Bohr's theory, 
240-2832 g/m 

Tha shows 

{0 The energy of an eecron inane 


|W) The negative sign neat the strection hecgen) ah 
mroves’e niger ova, ts even tract 


neealiont 
ae slectron and nucleus. As the elactron 


Glecreases end hence Is ener) 


Wry 
~~ 


191331, yg1g31 Wiel 
? 


Fore? gy= HGS). gop.2 W/m 


‘Thus, the enemy E; is greater than 


pessoal =a eet meee 
————— 
Zar ad Rage stom nd Tew model im a sae TH mh 
sqooller than H. Why? (Maiton Boord_ 2008) 

<r yctogen etm ad He fn have one dete nthe ouerost sel. Hower, 
reer He: bar great postive delve to pot) hn Pat of oe 
sem sone poten, Tete, urs of He” aft acon mere poeta = 
sn (it pyrogen. Hence, so He becomes sale ban yen 


(A The exergy Aiference benveen adjocent levels goes on decreasing sharply. 


aoe: He” and LE ions have oe elechon in thei outermost shal. However, the nucle 


‘Accontng to Boa's hoor, Tol Epeny = Ex ee 


832) |- 1313 31)= 984.99 mol 
145.92) |- 32832) = 182.40 kamal 
Ey Ey = 8208)-(- 14592) ~ 63.84 hitool 


Ths, E:-E,> Es-Es> Be Es> 


4 Di Ga Dario the Joloang expat for Pptrogen ciom which are related 1 
(1) Energy ference henween too levels, and 3 
(09 Frequency of photom emitted which am electron Jumps from ne £0 


(©) Compare line emioson and line aborpton specie, 
‘Solved on Poge 259 e 
(6) What le te artgin ef line spectrum? 


Bai i iP eran Pay th leone 


afi hos qreter postive charge(due to three protrs) than that of He" jon (due to seo 
el Therelore, nucle of L” atacs electron more powerfuly as compared to He 
Flee, se of L#* becomes smaller than hydrogen 


athematial Coleultfons 
For monoelectonic systerns, Bohs equation for radi of orbit given by 


‘y= constant = 
‘Thus for M orbit of i ™ 
nel. 2=3 


a6: 


For I" ofitof He" ton 
nal 2=2 
0.529 = 0266K ’ 


2 
Ieshows that size of L.**s smaller than He” 


TESTE Se WIT i ar writ Hos was the Hes of etme umber 3 
Aaroed from the discovery of XE 


Le | bmi Sirecrers 
Ant oma] A hes can be difereniated by ‘m’ values. eg. 2p, , 2p,» 2p are 
ott Tair (08 aresame a, (2+ 1}=Sbut them vk ov ciferent 


frequency of photon, 

‘ahah the Moab’ law Le, 

W=a2-b 

« Weal 

GUS RE wa defects of Hors modal How these defects are partially cond 
(Seat mcrae of eectron and Hodnenberg's uncertainty principle? 

“Saad on Page BS =] 

GIL a Beefy Goce he wee machen modal of atom Bow hes gto te 

‘Jertemt Compars crt ed orbital. (Romans i 

“Saved on Page 68 

(We re ee meena? Diss tte signees 

‘Solved on Page 259 


Ae 24 2p Se Spf a! SAP 
eae Be Bet SE Oot Ae SM USP AHS FA" 
Nor 14 OF 2pt Se Spt 48 SA 
wag ae apt 3 Ooh at a4” aA” 

gh 6S Ad Sot OSA SS Ot 


Apa 2s Dot 38 at AF Sa 
Sand dais Tnily tae by Keeping tm nw ihe 


WE Dre the shapes of 


A (Gimbal and magnetic quant re 


1 55 seemed carbon: 


et ete eer. Gir eons. 


oy eeraon 
met Ont 
Hee 
WrentsSuetobed & me-3-2,-1 0414233 
Tha hs 7 ae fort = 3 
“Teese weve vias di ht xb has seven ferent oretons in 
tee 


GIS a) Diwan toler for tx dintation of electrons In meray 
rte. 


Oberle eepabl to dopenerce orbits? ae 

‘he tua 8 bth oun nme (nt we ow ale SROCHM Sot 
tecause thy have same energy Hence, (n+ rule cannot be applied © Ct 
‘orbial. However, degenerate orbitals have different vakies of magnet 


(Srp ad BIS f 
Fhe vaoe Gages quanta rer etd we ata guaran * k 
Mo, 
ems 


(G17. (aA photon of ihe with energy 10° J t emitted by @ source of light) 
{his energy ea the menelength frequency end wave number of the Photon 
respeciol. 


, (Concert this energy ofthe photon iio wpe wd calculate the wae loth 
Sopunney in Hs and see ear Ison ssi 
p= 8625 x 10s FR 
EDI0 = I0"% 10 
625 - 10-0 6.625019 x10 ng 16.5254 10-F ergs 
e234 hms 3 «10! ems 


erry 
Zioben 


= 0 @ 
Frage “oa 

50" — Py 
Tepe. 1g% ~E3810% en] 

‘ 


1 


to = B85x1T# C8? 
6625 « 10° Is 


pest 
Energy in the fist ot save by 


oO 
Teaseig UP eesa0 4h 


Goes) 
aan Poth oof oer in iydropen ome 


{broke equation forthe 
sonth? 


“ast ne ‘units of energy parcereter. 
split ene ae Too 
era a 


=9.85x10%Ch IW! 
o eA 
m= 9.1 x 10° Ka 
e= 1.6022 x 10°C 


aso th eb gen 
ne Bat 
sp tgas2sn10F at 
ss xi9ets a 6S 


1076 
sibs G1+10 7). 


~- 


ot, aman = 
a BSE Mm at ASTRA ot 


Drateenet 
TnOSeA  -aSd 


Dratene? 


See moname ads = gy = BA-OS9A = ESTA @ 


(oy We tee dey eet hy te ctetrem htm pes fm wad fe wed and et 
eres) 


Soot y= OS. My At OAL ot 


Wm = 


Tester ee? 
qcOSB.Re2nA 
Tesiene3 
ya OSs FHA 
Fiance demanoe waveled=ty— tye 75 A°-2.11 A 
As terned 


= 059. FEA 
dod tore 10 


tax S 


nen 0594 10 = 5298 
Herce daunce sme 1.59529 42849 A-OK) 


* a 
Tee efor hh any 
aid 


Where 2 = aloe number 1 number it 
toethahosen A 2= 1 


nae 
asso 

— 

ened Ge -2ttens he git 


ened tee 218.10" he Sabst0"s 088109 
ened Bee 2180s he gts 0880 


orses10" 


Foc eye B18 0S oho 10° 
STEMI ORION 


1 
na S ye 21810 
Fern eS t+ 218103 


Energy diferences willbe 
Ey Ep(-O5ASe 10°) - (218s 10°%) =1.6855 103 

B= Epe (0.2825 10° ($45 ~ 10°%) =0.8 » 109 
ELE = (01365 10-M) (DNP> 10°) =€.105 » 10 
B= E,=[-008725 10-1) (-0196 + 10M ADORE = 10 


Wag chee exermy ference Doamean arson ad id erst sepresteatey ee 
enn dares Beoee 
‘Sees eetos the the Bonaen rt end oncom OM 


wetce 
SRSTE RTE ee -teom 
EB, _ 1635x105 
BE 30310" 


le oh. 4:95. a eee 


Forn=2 Es 218r10%*% 218-30" 
Forn = 3. eae -218r10% 2 = 9.6819 91 = 096810 
Forn=4 ee 2180 B= 5.45210 J = 045110" 


Fone S Ea= 218-10! B= -2488> 10°78 - 024887309 


Enargy diterencas wil be 

Ps fy Fyeb2 18.109) ~ 892, 10") = 654 10d 
FE 965. 108) — 218, 10°) = 1.21, 10° 4 

$e (0.55, 10°) — (40968, 30°) = 0428 10% 

fe Fy -0.2886, 10°) ~ (05452 10°) = 01967 10-84 

Hacna tanra of wcrgy bev te energy ava A He’ & alt 


yg 


1h ey sa thes grog f te apc ane of Ht ore wt aiarent ple 
‘inet fu byes io pe rar 


Share acy Alanis ‘toon scanagy ents ie Vat sn shes 
sop, tons snes amo St? spartan tb ert 
saree Hactes 


C77 ASTRG WT TA PIR rami, maps oan RO 


trctesstin whee of enec Oe” IO "L _— 


‘ fe tame» os 


(ote chen Ea = A sinay | eT anh = ni neues 
{el Coleulata tha onargy of electron a Ha” be fret foe orbits and Justify thot the ener, eng Seen s0 heey 
(aforencas are afferent rom thon of dropen eye 2180102 
Foxtie' ion Z=2 * 
Trerelore y Hence “024221021819 S 
#2 8 a 
2 2180102, 2.1810 
ee 7 40 2218-10" og 
Ths 2 * "0.28210 
Forn = 1 Gy=-218010%x 5 = 872x104 ne <8) ° 


a ae 


WE Bets ermal [or the ovary lvls of open eso for ony ete ay. He 


Di aiele 


mee 


oe Y Seltions 


(9) Draw au anergy evel agence ‘ 
Oe a 8 30" J, caleat theeomny sanded to omens At 
‘ectzon fom bytcopan tom an oom He 
Ke zia, od 
Fon phen 2 = 1 
energy of 9 
{t 
e+ AS) 
paper | 2aeso es 
Forn=d tae Bibs") 
af B\-0 
Forno ns  pae-tseeso™ ty) bs 
san write deta, 
Hove, orm ween gn 
° 


trang regina BE 
fy -0-(-21ae1o") a 
“Thoth oct ees WAPI 


(Gollaes Chania. Poet LJ (Ate ety 
ot 


Forn=1 exn-218e10(2)= 872x109 


rane aeeait(a 


Hence to move an electron from Hie" lon's fit orbit fo an Infinite datane, tie 
enargy required wl be 


Ea Ey=0~(-8.72»10") » [73 10"%) ° 
‘This the Ionization energy of He* fo. 
{e) How do you juaily that the energies calealated be (0) ore the lonieation energies 
end He"? 


P “The amount of energy required 10 remove an electron from cn atom or bv 
to an infin dletance i called loization energy, 
Hence, 2.18 x 10°! J and 8,72 x 10M J are the lontzation encrts cl 
‘torn and He" lon respectively, 


‘[@) Use Avogadro's number to convert tonieation energy values in KAmoP* or Hi 
“The tonization energy of H-siom In lols given as 


En aanso Se : 
‘The onion eneny of Heo nina sven at 
Ee8 72x19" SRE .GeRA TRA . 


oa? ated 
“coperimentel vcives of tontzation ene and Hie" ara 1891 el 
Rear an ee ee ae oe 
“The clelotad values of Toizalon ergies for Fhatom end Heian 6 
Bots theory are 1312.3 lima and 5248.4 kno! rspectvely. o 
“Thaterenul agree wel wih the experimental results 1331 kamal 

atom and 5250 kml for He" on oo 

Both H-alom and Heron consists of one electron each and the abO°® 

ey show that Bob's theory is perfectly appllabe o one elecron #7 


2G Zaleate the wove rurnber of he photon when tha dacrow apa FOR 


Dan Sion= 2 shen he alacicon Jump From 
{ynaion=t. 
Ipahich eres of epectal line thts photon appar 

fun 


Rydberg constant = R= 1.097» 10? m=! 
‘When electron jumpe mn = Sto = 2 


“The wave ruumber of the photon is ven by the eg. 


y(2_ 2 
ooro( 3) 

5, 2h peiyiptine! 
097 «10?» 2h = 2300108 


“This spectral line is present in vile region Balmer Series | 
When electron Jumps fromn = 5ton = 1 


‘The wave numberof the photon i given by the 


2) -r90(5-3) 


) 


J =1os7x10'~$e-Lasxig = 
We pecia ine to present in UV etn (Lyon Serer) 


if 
omo(-d 


Tat jope from Higher 10.0 = 4 


ib 102-70 Foor hare the act el 


SU ApRaton af a wane mart Fees 


[a Determine the number: 
a 


5 
Re 1097 « 10m"! 
sa 


‘The wave nunber of he poor sae HE 


Rydberg constant 


) anion 
ra) 


302.710 5 1 

1.09710" nb. 
> aditwid. 
Ff 


“Wace the nan oft san 1 IC i photon belongs. 
‘This spectral line is present in Lyman series: 


{)Withe electron will all rom Righer orbftio.n = 2, then calailate the wave number 
the photon emitied. Why this energy diference ts ao small as compare 10 choot 
caleulatlons? 

‘When electron jumps fromn = 410m = 


‘The wave number ofthe photon is given by the eg. 


Speman) 


csanes( 


oeLop7aig?a S «05646106 m 


Energy dfieence for nd to n=1 ean be calculated by the ea 


1a sfparie— ne 7 Sy J, 


phe Chemis art 


enc cen 
A AE =2,18.10° 
SE =2.18x1 e 
‘And the enegydiferece for n=4 to n=2 can be cles by he og 
Thus AE = 2.181 1) 
400" e 


The energy difference in second cae is small 

It is because electron travel more distance from n=4 to n=1 than n=4 fo n=2, And 
snwe energy is directly related to the distance of the electron, hence energy diference in 
second case Is smaller than frst case 


125, (What le de Brogle's wavelength of an cleciron ravellog at alfa speed of ight? 
‘eaion: 

Mass of election m= 9.1 « 10-* ig 

Velocity of light = c= 3x 10*ms 


Velocty of eecton= v= § = 250° 1 ssaoF mis 
h= 6625 « 10-*Js 


he? 
10 m= pm 
‘Wavelength ofthe electrons given by 
h | _ 6625.10" _ _ gare "m= 485 pa e 


Tay” Ode 1g 15x10" 
te mana of electron Tita gona ond eclacty f Woht toe, Calelote 
welength of on electron in om 
9 10-Ms 1000992 10-3 


me9.Ls 10" ig je Tie 

Velocity of ight = em 3 x 10F mi = 3 x 10" cm/s m= 006m 
S210" 21.510" m/s 

Velocity of electro are 


‘= 6.625% 10” ros 


Planck's constant = 


Suite 4k |e aa 


‘Celieee Chemie: Pari a 
ae? 
‘Wavelength ofthe dlcron is ven by 
pei vibar of Sacha Sa cel ech 
h 6625x107" - _ ’ |: aber board, 2010) 
Ae Saxo weLseo? ” oe | wé an as (a2 
1, 4Cu—P S92 + X here Xs: aoe hor 2010) 
(e) Comvert the wavs length of electron from matars to ‘> —_ {a) Proton: (b) Pesition (c) Electron (d) Neutron 


4. Lines of Paschen series are produced when elecrons jump from higher obits fo 
(Orbit. (Guremool hoard 208), 


nm A__(iipm 
e485 x 10m 


Se) ama 10% | oat weit ax via 
imo 4. The lecwonicconigraon aan tm s L225 The number of unpaired atone 
1.24.85 x 107" 10? n= (6.85 x 10-F om e in fhis atorn is: (Guoromate bord, 2008) 
0 {op 2 fa4 (dl 6 
i) Tm = 10% A* | 5. Negative charge on cathode rays was established by: ‘Gajromeste board, 2009) 
area a sag pa (2) Wiliam Crook —(b) JPerin. (c) JJ. Thomson (¢ Hiro 
Andie 10-1 «100 Aad 10 A= BREED © | 6 Thees/m vale or postive ays is manimum fo: (remade £009 
(i) «= 1m =10"%pm {al hydrogen {b) elim {e) oxygen id) nitrogen 
‘Therefore 7. Bombardment of a-particles on Beryllium (Be) atom emits neutron and this process is 
1485 x 10° 10" pm=[S.S5 pm] elle: (cromtaa board, 2021) 
(a) natural ioatty (8) atleast 
SS cai Oe 
8. Balmer series in hydrogen spectrum lies in the region: (Gxpanuele board 2011) 
lal uevoier” (vse (2) fared (6) mixowave 


Positive rays were discovered by: (ian Bout 011) 
fa) J, Thomeon,  {b) Rutherford (q)Willam Crooks {e) Eugene Gold Stein 


40. Lyman series les in: (Mutton Boos 292 


Ia) Ueegion _(b) Visble region (c)[Reegion _(¢) Microwave mon 
"Cah rage cute a cher change bees se ‘fet dyin rt 
7 
“ (9) Oxidizing {b) Conducting (€) Reducing tao 
Aer fing of the entering elecromcocs ne: (te ome 109) 
fal 5a (bo 6p (1 1a) 4d = 
10 The pote pare produced charge woe Hooaen mS 


3 by (Maton Red.) in 
(Mian py cake Rute Chadwick 


uaEA L TE 


14. An ost which is phericl and symmetrical is: Lake Bound, 209) fhe Findber constant me ue Simcner 
(a) soxbital {b) porbital — (c) d-orbital (4) F-orbital ves 7908 x 10° m! ppceareynass 

15, Angstrom i the nit ofratere Beer, 209) are «10 wietiee” 
(a) tne )lengh fe) Mas (8) Frequency oe {dota Weak Sind Sng i 

16. Properties of waves are: ftmdnha Bor, 299) fa) 21095 10 hg (6) 9.1085 10g 


(2) Wavelength (&) Waverumber_(c} Frequency (all 
17. The nature of anode ays depend on andy ae, 208) 
(0) Thenanie of the elecrode (0) The nature of the residual gas 
(e) The nature ofthe dacherge tube) Alf above 
18. Total numberof spectral regions ina spectrum is: (ater Bod 070 


fq) 91095 x 107g) 9.1095 x 10%g 
Neston was discovered by (Lahore Bord. 2011 (Spee Bead 2016 
fe) Chadwick —(b) C.D Andersen (¢) Rutherford (4) Goldstein 
1. When 4s orbital is complet, th electron goes into Saaedh aw, 370) 
(fe) 4porbitsl = (Sd fe) dd (ayat 


(4 (0) 6 7 as ‘The iting lin of Balmer Series les in the reg 
i ” ang line of Balmer Series lies in he resion (Spode Bow 011) 
19, The value of Plank’s constant Is (Lahore eo, 2010) (a) visble (UN. (e) Near. (@) Far LR 
(2) 662x 1041s (b) 662 107.5 


Lyman Series lies in spectral region (Soe Bows 2018) 
(e) Inred —_(b) ullraviolet —(e) visible (d) none ofthese 


(6) 662 x10%Js (a) 66210" J. 
20. In discharge tube experiment the pressure of ges was measured at Bahavelpr Bowd 0 


(2) 760 ton (6) 0. tore (6) 0.01 torr (¢)10ton 
21, The number of neutron present in #3K ls (Famdah Bor, 201) 
(0)39 () 18 te) 20 (19 ‘Ans | Qe 
22, Lyman series occur In: datore Beet, 207) 1 @ [2 
(a) vate region (b) UV. region (e)| R.ragion _(d) None ofthese 6) [7 
‘23, Bodmer series is found in (Fetcabed Boers, 2007) iy Yt) [az 
(0) LR. region (b) UV region (6) vise region () None of these is fq) | a7 
24, Which equation correctly represents the Helsenberg's uncertainty principle? (Fale! 35} 2 
Beard, 2010) (Baryothe Board, 2013) i it a 


 axearet ow axearot 
rr rr 


@ axareh a) a xnansh Detatled Explanation of Past Papers MCQs & 


an 
2 Seu nen What 41 eae 9 iswers to all Past Popers SHORT QUESTONS in 
i denon ort Beare woman COLLEGE CHEMISTRY OBJECTIVE BOOK-1 
2 Toa ween A Lyman series Nes in the Sexson, (Brzode Board, 2030) a _ 
wy 1b) tbe fo) 1B (4) None of the above 
‘27. Nhe ch rmstionn present 7K bs 0, Khan Boers, 2010) 
29 9 (9 (s) 18 ieee nae BAe? 


rays have reducing effect (or eon ce 
Ain Bowe, 


reves) Wet . | ES EAE AB 


(Ceieat Chemie: Pert 

(3) How cathode rays are termed as electrons? (Fetsatabed Burd, 2009) 

‘Loe Qresssione 's 

Geass cothode 9. rae Bor 212 PR arenes ra oe tot ee ri 


[POSITIVE RAYS AND ITS PROPERTIES, 
1) Which observation tells the presence of positive rays in discharge tube? (ran 
12006: DG Rm Boor, 2009) 
(2) Give reason for the production of postive rays: (Lehore Boor, 2013) 
{G) Wrke properties of postive rays, (Geraneale Board, 2011: Lahore Boor, 013) 
{d) The elm value of Positive Rays i less than Cathode Rays. Justify. (ation Bar 2012 
(5) Expl the expeimert which ep utto understand the dscoery Of Protons (tae, 


at axe tne defects in Rutherford's comic mode? (apn urd, 89 Han Bea, 


Miherord’s atomic model. (Maton Burd, 2008 Lakers Bowl, 20 
i poet 2010: Rowcrind Berd, 2011 Maen amet aly) |S Br B01 


Artie defects In Rutherford model of atom. How Hor removed them? (epee Baud, 
0) 


75 QUANTUM THEORY, WAVELENGTH, FREQUENCY, WAVEROMBE 


‘REDTRON AND 17S PROPERTIES Qos 
‘Ge postulates of Planck's theory. OR What is Plank's theory (aaspind! our, 200% 


(ere Boor, 2013) 

B)Derise the formula for frequency of photon (ony in two steps). Khe Beard, 2010) 

F Diferentate between for What i) frequency and wave number. (0.6. Khan Beart, 2007: 
ton Boor, 2010, cransal Boerd, 213) 

Gu the relationship between energy and frequency. Bahandpur Boat 2008) 


‘Short Questone 

(1) What porticles are formed by the decay of free neutrons? Write balanced eu 
rams Herd 2008: Sryodhe Bord, 2007, 208, 2013; Lahore Boer, 2014) 

(2) Werke doun nuclear reactions involued in the conversion of Cu ino Zn. ‘Gapmae 
2014) of How the emission of a B-paricle results in the Increase of atomic number 


element? (Ranipind! Boor, 2013) 
(8) Complete (ratcabed Boord; 2011) BI The energy associated with violet colour is greater than red coleur in visible spectra 
* (a) fHe + Be-> ? tb) YN + in> ? Wy? tore Hoar, 2007) 


Df) Wie Tiree poinis of Plonck’s quantum theory. (W) define frequency and wavelength 


(4) How neutrons ore used in the treatment of cancer? (aamclpa Bose 310) 
Creed ose, 2010) 


{8) Write two properties of neutron, (Gureswele Board, 2009; Ransplnd! Board, 2009: Late 


2016) 
(6) Write balanced equation for any two nuclear reactions wlten Board, 2008: Fic! 
2013) 


RSTIIATES OF BOHAS ATOMIC MODEL, RADIUS OF ORBIT 

rbot of ster radius? (uydte Bond 213) OR 

Haw do you come to know tat the vec of eecros higher orbits oe fess than 
of lower orbis. 

De radius of first orbit of hydrogen atom is 0.5294, Coloulote the radius of 3% orbit of 


g, Matogen atom. (Gujrammale Beart. 
acy that re ecnce gp bose fet orbs gon mea fom elo 2 
Higher orbits. fatal Boor £07: Sia Bw. 2008) 


Lesa ventions 

{iP Deseibe the discovery and Propentes of neutron in Chadwick experiment (0° 
Bour 2010: Gujromoaia Boord, 2011; Wulen Bord, 2012) 

(2) Discuss Chadsick’s experiment forthe discovery of neutron. Compare tne 
electron and proton. (Randplndt boerd 2007: Muon boord 2007) 


‘MEASUREMENT OF CHARGE 70 HAE RATIO, CHARGE AND HASS OF ELECTRON 
Chg! are art 


‘Ghost Qucatione 
(1) Coleulate the mass of an electron when elm = 1.7588 x 10" 


eed Bord 1008" ets Bow 
2014 Panel ed 2011 ten Dour, 2011, 2013) 07 How the mass of HEPC Ay Frmdhe wr, 2015, 2018) 1 
‘Calculated by using em volue? (ation Board, 2010; Bahasepur Boar, 2051: Lett Gee Poatulaes of Bohs atomic model tan Oa jan a om Ree 2 


esecea lh 
Pe) as amacabaaiip aia ee 
eset OR or acon TORS ATOMIC ODE» — 


Denn pews ti, exo of tom? 
(2) Explain Mion’s ol drop experiment to determine the charge of 9" 74 
‘od 2010, Garonne Board 2012: LabreBord, 2033 Lahore Bord 221 


" ° 


oa 1) 


" 
1ty patent! energy ofan electron (rb 
ier Beard, 2011: Sry Bor 


DAAG@B "mre acer mes — 


Sli Miih LE 


‘Cees Chamtere: Pad Lows J 


(2) Total energy of bonded electron is negative. Why? (Oxia oer, 2010) 
(8) The eneray diference benseen adjacent levels in an atom goes on decreasing shan 
Why? mnscpands Boor, 2007) 
(4) Coloulotetonization energy of hydrogen atom by using Bohr’ atomic model 
Bawa, 3010) sho 


a SA | 


=a Atom Sereccore 


eS ales 
rer 
a eee Sn rn et ttn oe 


Siate Zeeman effect OR What s Zeemann efjed? ee 
oa Siem, sO Wit Zero eg tr en at 


fi) Ge defects of Bohr's Atomic Model. (ater Beer 2011) OR Describe defecs in Boty's 
omic model. (Maton Boor, 209, 213: ahr Ben 301) 


[MS MOSELES LAW 


GR cana ipsa ea antes acis 
hg an 
2 Fig eH oles, cd Mrs of Xn canoe rsa? tem bt 
8) What is Moseley's law? Write importance of Moscley’s law (ewstptnd: Beard, 2087: D.. 
Brecon tat wie Ree cee meet 


‘Sher Quenions 

(1) Define spectrum. Name its two types. (0 6. Ken Board, 2012: Malin Boer, 2007, 2008, at 
amet 200m O8 What is spectrum? Give one example. (Bohneapur Beard, 2008) 

(2) Why atomic spectrum is ine spectrum? (Labere Seer 2010) 

(3) What is atomic emission spectrum? (Sergede Boor 2014) OR What i the origin ofthe 
emission of line spectrum of an atom? emalpindl Board, 2013) 

(4) What the origin of line spectrum? (Sande Boord, 2007) 

(5) Diflerendate benseen line spectrum and continuous spectrum. (0.6 Khem Board, 2010: 
eee Reed 2016: Spee Bound 2911; Mon Boor, 2012) 

(6) Diferentiote henoeen atomic emission and alomic absorption spectrum (Bakers bow, 
rR 


18) Define Moseley’s law. Give its mathematical expression. im Bor, 2007: Geena 
‘or 2009: DG. Km Bowrd, 2012: Fle Bort, 2012: Sarge Boat 5, 2813) O8 What 
‘is Moseley's la. (ated Board, 200: Lakers Bord XI, 2812 DG Hm Board 3009) 


Lene Qvcestone 

(1h Desrtbe atomic emission and atomic absorption spectrum with diograr. (Syed Bort 
me 

(2) Wher ic specrum? Diflerentiote betweenscontinucus and line spectrum. (0.6. Khan bwet 
J 


(B) Defme Spectrum. Explain otomic emission ond atomic absorption specrum wi 
Leng. apes Board 2018) 


ena Qoestions 
(0) What are X-rays? Give the conclusions drmn by Moseley from the study of spectro 
lines. (tela Board 2013) 


‘BEBROGLIES EQUATION, HEESENBERGS UNCERTAINTY PRINGPLE, ORBITAL ——_ 


[ERERISON SPECTRUN OF HYDROGEN ATOM, EXPLANATION BY BOHI'S THEORY __—] 


raed Bord 418: Wan Boor, 2818. 3811, 


er 2 re DE, Kin owe, BORE: Reem Boer, 


TJ 
1) Whar i the origin of hydrogen spectrin? 6. Km Bom, 2010) 

2) Wene names of specral series of hydrogen specu. Wahore oad, 2011) 

(Whar is Lzpman series? In which region i Bes? (many Baad, 2011) 

i Whe i Se rt of Progen spear on the bak of lot’s made? onde Port 


e ee he eatin for ney circ of cro Ho atte 
ow 


SE RROGIES EQUATION, HERSENEERGS UNCERTAINTY PRINCIPLE OBS? = 
ames Bord S008: Pad Board, 


[DEvECTS OF BOFaTS ATOBGC MODEL 


br saat 
| What ae the defects of Bob's comic model tmpramnte Boar, 2008. Baber PT, 


Sepedthe Board. 2011) 
2 26. Kim Ram, 2409) 08 Give fto0 defects of Bohr’s atomic model. (0.6. Kaen Bete: ® Sete, 2 pont 3012) a 
i NS a nnn Sek pn ao NTE Fr 19g in aru rubs) bi OA Ste Bt 0 
; (2 War's Hine nye mecrum? Which eet ex hee Ines? 0 = 


je A 7} 


‘Celta Chominice. Port [02 | 


postal C 


Lost Questions 
{i What re quantum numbers? Give the sinicance of any one quantum number. aq 


(2) What ae-quomum number? Discs ther sigifcance? Petes Bout 2007 Te Mptror tn, msg gH pn mt mae meas 
ween Soman | onsen tes pont een Ch oa ee 

(1 Baza Acca quant number) Mog quntin rberemaetny |i PE ae 
aan ous : 18 Rea 

(4) Whee ore quantum numbers? Discuss Principal and Azimuthal quantum numb |p Hewat eestorscanbecmmotsal nawiabl inne 3 ah * 
epee bona we we Bd ae ae 


5) Thedectoni configuration of en at 2 25 Te nba linge! sens fe sms 


(5) What are quareum numbers? Explain Principal and Mognetic quantum numbers, aim 
ae too ion ge 


(6) Droxe and exploin shapes of sand p-orbtals. inantpind Boor, 2009) 
77) Define orbieal Discuss shapeS of is types. Lahore Bow, 2010) 


‘AUFBAD PRINCIPLE, PAIS EXCLDSION PRINCIPLE, HORD'S RULE 


Ti ting tine of Baler eres es ib on, 

Ce 

x Poste one are oor Rom th nals he | 
(ciPechere (0) pone [decd none 

Caters re detec by 


(4) Foe, 


‘Shor Overton 


Ti Whee w Aasfocu principle? Babee Boor, 2008 of Define dnd explain n+l rule Phim (a)en ler kd only bla mometcld ony (GBB by none 
sent 2012 8 Why 4s sub-shell is fled fst ond 3d afterward. Sergodhe Boar 2013) Ne) peter patie ecm pi 
2) Sue Prats Excision prancple with on exarple Uatre Board 2007,2011,2008,2012.210 | aq eS ee ie 
(a)pontre charge (b) megane charge (eisacianad (dal ore comet 


Stone hades preiple and Paul's exclusion principle. abere Board, 2010) 

4) Define Describe Hund's rule. Explain with example. (Azad Kasbetr Board, 2012:D. fm 
‘Sead 2010; Surge Bord, 2012; Lobere Bord, 2014: Fahad Bord, 2013: Muon Boor, 201, 

5) Define! State Hurd’s rule and Pauls Exclusion principle (Gurensele Board, 2011-06. Ke 


lal Une of Poach series ate produced hen eecors mp frm hia ot 
ee fast ae 
8) When atoms are volta, thy Sor 


Bewed, 2012: Matton Board, 2012: Reawciptod! Board. 2013) {2} continuous spectrum ([biline spectrurd (c) slecromecnetic spectrum (¢) none: 
Lema Seaton ss Pithan mde tr semisten ta oan arn er ray 
(IT Epon Te owing rules with examples. (i) Pols Excuson principle (i) Hunds (Peer oemcontat Eee) pruim 
Rule 0 Kh Beer 2012 sr ace at decay atm mes 
ee rt 
ELECTRONIC CONFIGURATIONS OF ELEMENTS: = = resembles. 
le) He (bo) Her te) He atom: ‘(d) Hey molecute 


‘Shed Qusotione 
(0) Wie ceczonic configuration fran element wth comic number Z = 29 ratdid 
Bows, 2011) 


(2) Give the electronic configuration of Com and Brys(Fetectabed Beerd, 2009: D0. Khan Bow! 
21 


(3) Distribute the electrons in Cuy and Bry Falalaed Board, 2008: Raalpndt Board 2013) 
(4) Wrte electronic configuration of and Cu OR Wie eleetronie configuration of 


a ol spc neg fhe pl date fm ll al ced 

3 Clseneg yy teen et oComatat (Pont 
‘coring o Boh some moda oan cf san aft oe 8 

sagt) 05294 a08 ia) 304 

"1 otal can hve mana two don ith cpp in ga 

sng Wi tawerberys prncple Au boupescne Hons Rul (6) Paden 

"A Paschan rch ond Pd sb he 


elements wth atomic number 19 and 29 tahre Bord, 208; Ftalabad Bond 2018 Cheitseramen prone egen 19 Meowmweenen (lar ed 
(5) Write down the elecvonic configuration of Ft26) and Br(35) tare Baer 201) 
(6) Wrie eecroneconfguraton of elements wth clomic number z= 24, 2-37 Some | Neuro —_ patos 
Baw 2013, 2015; Grane Bord 201) core omen Wie ting swe he 
Bows 2013) See ee 2.3 owe ay TART THO Mee ead 
Pha pg ~ ei 3 
by pa rom tel 
4 Saar te et a 


Wy eto rs re produced? 
ft tic oa ct set he om 
iti the cause f rin af xs? 


tag den beeen ro ra 


= LE. 


Celleas Chemis: Perel oo 

(fm anh of cathoci mye i independent of naire of gat, Win? 
(Stat Mosely’ Iw and write dou is equation. 

(a) Wee doun important pants f quanta thar 
(Resor model cannot explain the sibility of ten. Wy? 
(oa) What sk et? 

1, Whot the ong of kine spectrum? 

(3) How X-rays ae anabyod? 

(38) Caen the ene of photon ting wth» wlocy of 3X 10" ms and having a womens 9 


G2. Anowes nay Eight pat roma te followings. 
{Why te presale he ucharge ube wnt riued to 0.01 tor to produce exthade aa? 
(i), Aczonding of de Brodie en, oly microscopic prices have he waves. Explain? 
(i) Wythe poate ap were called as canal raps? 
{ws} What ee dow reuters? What happens hen they ere bombarded on nitrogen? 
\) (3 Wy Mahan tonsa rin the chamber of his apparatus todatrmine charge on electron? 
LD 00 Wat tne te of magnet ld on cathe r? 

. {e) What are heres of Rutherford cating experimen? 
(a) Whatton soguiar momantum of dron in an ev? 
(a) lc hast dual ature sl? 
(a) Whats (4) le? 
(G2) How emimion epactum of yrogen a obiinad? 
(jal Whats Summarlds modiiaion of Bohr Atomic Mode? 
(24. Ansoe an Bs parts fom he flows 
Ui) ‘Rey tt he ditnce gop between Seren xs goon inczensing rom th wert the higher i? 
(a). Detine Aamuthal quantum Number and gio is importance? 
(i) Hows the weve notre of eecnon vee? 
(7 Hewenbery uceraintyprcpl not applicable to lrg obec. Why? 
(i), What the concep of Schrodinger about ature of decor? 
(4) What indermaton obtained frm ecimatal quant nuriba? 
(si) Wht are demerit? 
(el) How i sang min of eectron about asi related tothe wpecrum of wn shor? 
(ia) What ste dilerence bewocn I, 2s and 2 obi? 


Section —LL Attempt any three questions) (Be 3)=24 


(5. (0) Deve an exp oe te energy an dsron tho Hom on 
(0) ow dt mao dace he ge oa con? oo 
Q6. (a) Write » short note on Heisenberg's uncertainty principle. 4 
{0 How dom op una munbarepin he dott arucue nthe pecum of tom. (8) 
perrane co 
(Q7. (a) Whot i» Hund's rule. (oa! 
(0) Prom that, _ @ 
(eHow wi you dette tht cathode ry posses energy and momentum? hed 
(Q6. {a} Dmcrbe J Thomson experiment io clade tee wale ofdacton ‘3 
{) Cateudate the weave number of the photon when the electron jumps from: bs 


Gen6bn=2, Wan6wn=, nvikhuren A 
catnatened wich sees pal ine ten to Fy 


oo 
(29-10) Gov the main pos of Rihelrd homie modal and sho dene dete of tit od 


removed these detects © 
(0) A photon of 2 wave number 102.70 10* mr" is emitted | from | ton 1. 
Saari th mana he om er cen 


a 


{cl Deston omic emation and Alomic Absorption specrum wth dlgrems? 


Chapters 


INTRODUCTION 

Cause of chemical combination 

Energetics of bond formation 

ATOMIC SIZES 

onic radii and covalent radii 

IONIZATION ENERGY, ELECTRON 
AFFINITY AND ELECTRONEGATIVITY 
lonization energy 

Eleetron affinity 


Electronegativity 
TYPES OF CHEMICAL BOND 

Lewis concapt 

Moder theories of covalent bonding 

Valance shel electron pair repulsion theory (VSEPR) 
Valance bond theory (VBT) 

‘Atomic orbital hybridization and shapes of molecules 
Molecular orbital theory (MOT) 

BOND ENERGY, BOND LENGTH AND 
DIPOLE MOMENT 

Bond energy (Bond enthalpy) 

onic character and bond energy 

Bond length 

Dipole moment 

Dipole moments and molecular structure 
EFFECTS OF BONDING ON THE 
PHYSICAL PROPERTIES OF COMPOUNDS 
Objective and short answer, questi 
Past Papers MCQs 
Test your skill 


(exercise) 


Chemi 


Chemical Bond 
‘A force that holds two or more atoms or fons together In o compound Ie called 2 
chemfeal bond. 


Octet Rule 
‘The tendency of atoms to ettaln « martmum of elght electrons inthe calence shel! ls 


Jou on octet rue. 
Examples: 
9) ,2Mg (1s? 2s? 2p® 3s") loses two electrons to form Mg"? ion (1st 2s# 2p*) 
{a0 GF (1st 2822p *2p,2p. gun ne len to fo ion (s#2#2p,2p 2 


Explanation: (wiv ATOMS COMBINE TOGETHER?) : 
* GN Lewis and W. Kossel, studied the electronis: cealiprotons of sits in Laapled 
ard combined sate. They chewed hat Noble gees te Nal net. They co no 
Feat ee see Ke Kf REO, NO, Anche a es 
ot react with another noble gas. 
* Tes becouse noble gases have eabt decors 
@kectronic configuration is Is? (He) or ns* np* UT 
Examples: He 15% 
ve ese are stable. 
Thus oct of oe ue cE A ec Sen al 


“A cher eles ao ave enn) SG Se Cees at ose 


(ctl in their valence shel Their general 
fer, Ky, Xe, ete.) 


onfiguration 


‘© Many compounds do not obey octet rule 
e.g. Formation of PCI, , SF, BCI, ete. Hence, octet rule is not universa 
‘© The losing, gaining or sharing of e~ by an atom depends upon the conditions 
4g In the formation of NaH, H accepts an e~ from Na. 
However, in the formation of HF, H donates major shares of is electron to the F 


‘According to modem theory of chemical bonding, atoms form bonds beca.se i 
decreases the ener. 


Example 
Consider the formation of Hz molecule by two hydrogen ators, 
Development of Attractive and Repulsive forces 


+ When two atoms come close to each other, both 
attractive and repulsive forces are developed 
‘between them simultaneously 

+ Attractive forces bring the aloms close to each 
other and potential energy of the system is 
decreased 

+ Ropulsive forees push the atoms away and 
‘potential energy of the syster is increased 
‘The momnitude of potential eneray for attractive 

robe ie 2 repulsive forces. Thus, potential 

‘enerauef the two hydrogen atoms decreases when they 

some clase to each other, 

‘Compromise Distance or Bond Distance 


+) In Hy molecule, the potential energy of the sytem is at minimum ata distace of 25S 
‘pm, At this poin. attactve forces dominate the repulsive forces and two hydra 
‘atoms are bonded to each other. Thus, itis called the bond Jenath or bond cistanct * 
compromise distance of two hydrogen ators. 

‘Bond Farmation Energy 


At compromise distance, two hydrogen alms are at a distance of minimum en 


these are maximum stabized. The amount of energy released is during formation OF 
molec 436 45 1 mal" ii cae bond iammanon ene “ 
tex forces dominate atrcive fore, the energy ofthe system ines * 
\ aust Ths Cond et ommed eM” he stem SH 


"To understand bonding, relative sizes of atoms shou 
od chemical properties are related toi 


“The ues of atoms are expessd in tems of aoc rd aici, covalent 
departing upon the typeof compound used forts measireren. ani 


kd be known because many physical 


The average distance Betioeen the nucleus of en atom and the outermost electronic 
shell white conetdering It spherical, scaled atomte radius 


‘The atomic radii are usually measured in picometer (pm 
1pm = 10m 


Persvcments) 
‘+ Atomic radi cannot be determined directly due to following reasons. 
1. There s.no sharp boundary of on tom, The probabilty of finding an electron never 
‘becomes exactly 270 even at large distance from nucleus. 
2 The electronic probability dstribulion is afected by nelahbourin atoms. Hence, size 
‘ofan atom is changed from compound fo compound. 
‘omic radi are measured from the ditance between the centres of two adjacent atoms 
‘The distance between aloms fs measured with the help of Xrays or by spectroscopy 


Pitino Trond fn Beside Lill 
‘long Pertod 


* Aan adit dacs dh duet nse a postive 
fae onthe mules Poweve nur cl sels emo sae lng Pe 
* Due w ingentng rao chap, nae powell atc the reign the 


‘decrease of atomic rai. Shield from let nh. : 
* I ranstion elements, the decrease is mal om Io ght ue © fterwening (ner 
electrons. e.g, rom Se{21} to Zn(30) and 139) to Cal48 


NaGrowm 
Ris due to two factors. 
iy retease in Number of Shale (nee Siti es 


smber: 


Hence, atomic rail increase 
Ia group, number of shells incase downers 


ite aie ROC ABA 


tee heme ad a ‘Demtet Naty) po mL Ll ‘etl tne 
1 Giaelding Eifers or Saremning Effect 


“The decrease tw force of ettrection betuieen culermont elECtrone and the i ter GPITS OF OF THe estore ofr io 


dot ta te chet checirome ta called slehding eect. + Re radiss A an anion i devoted by ¢ 
+ Down the rumbers of shells increase. Thus, outer electrons 2 om ta abooye larger ta etze thom the 
zon, 0 so + MOR ou pore tom. 


by nucleus due te shielding effect of miner shell electrons These cuter dernon 
therelone, move outuad & Rene atornic radi increase, “ 


The decreace is mote in second period an ies in higher periods, 


‘ecron-electon repulsion increas due 1 inceae in 
cence shel. Thus ionic sr increases enn 
(9 Due to increase in numberof electrons, the hold of nucleus on electors decreas 
‘Therefore, electrons move away ad this onc se increases. 
4 The lone rodlue of negate lone increases with the Ineresee n negti cherge on 
the ton. 


Gaol: 


‘The radios of the lon while coneldering M apherteal le called lonte radius. 
= 


“These ave generally measured in picometer (1 pm=10-" m) 


‘An atom may lone or gain electrons to form positive or negative ions respectively, atom = 99 pm Ci" ion = 181 pm 
atm = 66 pm OF ion «140 pm 
ATT 
«An tom loses cre or mone elector to orm cations Ee 
temic rad of cation Is denote by. 
© Poatioe ton 8 cheoye smaller in ze thom ther parent atom. The vaviation i similar to atomle radius. 
itis due to two reasons haGiaup 


1 In pent ton, numberof electrons s reduced but postive charge on nucle rer] lnc radi increases down the group due to increase in number of shale end shielding 
seme Therelore nucleus powertully atrecs outer elecons inward rents “} eet 


ddecreate of tonic radius. 


(mSometimes, outer shell is also lost due to removal of electron, therefore, 
lon ral decreases from let to right due to Increase in nuclear charge 


decreases 
‘ «The fonle rodlua of catlon decreases seth Increase in postive charge (Cie) WO 
inucler cherge) on the Son. lene radi for met + postive ions and for cements of group VA to VIIA are for 
5 Sea te es ions and 
Ins because, due to successive los of electrons, the nuclear charge atc emai 
‘ectrors mone powertlly and hence se & much decreased. 
| Sam 
‘Thus, the decrease in radius i larger for divalent ions eg. Mg"* and st ©") hedonic Distance é 


tuner oe 
- The tatertonte dletance betsoaen wc tone i «crit! ltt e 


‘eto the aum of cotlonle and anlone rau 


Eaamoles oon erode 
Nelsen aii pre Wa thena’ ip We ditance = callonle radius + anion 
ay EEE Ee Cea + 


D 
sa termined “for I ena a 314 Pm te 
‘he sum of rail of K* and CI tot 


le R= te + fo 
R= 133 + 181 = 314pm 
shows that ionic radius i an additive property. 


«¢ Re-aranging equation (1). of varius ions in potassium salts can be determined ag 


‘The covalent rodius of an 
tuilar ome covalently bonded In a molecule. 


Examples: 

1 The bond length of H molecule is 75.4 pm. So, covalent radius of Hk 
is 75.42 = 37.7 pm 

2, Toe bond length of Cl, molecule is 198 8 pm. 50, covalent radius of CL 
‘198.82 = 99.4 pr. 


Application: 
"The covalent radius of one aiom can be used 10 
measure the covalent radius of another ators. 


Example: 


Ter lengih ok C ~Cl bond in CH,Cl i 176.7 pm. Since covalent radi of 


pre, thereto covert ras of C should be 176.7 - 994 = 773 pm. 
“The voriaion of covalent radi in periods tobe is alms to atomic rods 


‘Sece bond formation involves energy changes, ther 
mast be kocum to understand chemical bonding. 


“These properties are ionization energy, electron aliniy,electronegaliviy 


‘tl ody 


is 


|) Ree CERN, 


‘energy of om element 


ramets caled slonizaton Polen 


> eres lla or elecron vols etm 


1 eV/atom = 96.48 kl/mol 


BH=+ 738 idimole 
Meme radius of the atom 


‘move ther, Henee, ionization energy decreases 


) Shielding effect of inner electrons 


‘equired to remove them. Hence, ionization energy decreases 


Muelear charge or proton number af the stom 


‘stequired to remove them. Hence, ionization energy Increase. 


Metwre of orbital 


Hee, onde of decreasing lorizon ener as > p> 474 


siaton 
ec gentmmoe oom frmnie ent © mma 


Tevet sonal and cmp sano me on 
teva is ager ns, therfore itis e050 remove econ fom this oe 


Tpcease in atornlc radius decreases the fonization enengy. Its because when size 
‘pueases, the hald of nucleus on outer elecon decreases. So, less eneray is required to 


Incase in atomic radius decreases the iontzation ene. {tis because when shielding 
‘Bex increases, the hold of nucleus on outer elecron decreases. So, less energy 


Irreate in nuclear charge increases the ionization energy, I is because when nuden 
‘darge increases, the hold of nucleus on outer electron also increases. So, more enerty 


(Cee Cheers Pat = 
diect of inner electrons ako increases. Hence outer electron is easy to remove 
oniaation energy decreases. 

‘Alona Penod 


is 


‘herelore ionization energies METERSES, 
Each pened stars with an element, which has one leciron in its valence shell and 
wth the completion of valence shell, 


a 


fe When fist electton is removed from an atoin, ionization energy is known as 


‘That ionization energy respectively and so on, 
Firs. second & third ionzanon energy values increases inthe following order. 


LE < Second L IE 
tris because, due to remove ofelecton, hold ofthe nucleus on the remaiing 
PSOE Fionce: they are dificult to remove and thus nization energy incene 
Examples 
Mig ——> Mae” 
Mag? > Magi + © 
Mah > Magi 


Pi ticucions OF lowiecron Fvcead 
1. Indication of metallic character 
Generally 
Elements with low ionization eneraigs are metals 
= Elements with high ionization enersies are non-meials 
Elements with intermediate values of ionization energies are tala 


u 


© AH=+ 738 Wimole 
AH=+ 1451 kdimole 
AH=+ 7730 kimole 


Indication of valence electrons 

lonization energy measurements provide evidence for the 1 
Example: 

For magnesium, the ionlzation energies are 


Fist LE. = +738 klmol, Second .E. = +1451 kifmol, Third LE. ae 


= +7730 


Te elctron afinity of an atom 


era aS 


Pen 


= tena ents 
ows, that fist and second elecrons 
shows, ae removed easy. The third electron 
eqns rach energy formal Se, two deons revel ea 0 hs a 
eedenee electors 
ns with kv onion engrave (eg, group Aad IA, can easy ave 
Eon, hence, they form oni compounds 
|. Bens with intermediate onzaon ene frm coven compounds by shang 
Epcrons with other elements 
i 
1 Ingneeous phase 
‘eniation energy gives 
+ Generally, higher the ionization energy, 
Goes have highest fnization energies inthe 
Sable : 


‘atoms and ions are isolated and have no external influences. So, 

‘a quantitative meaaure ofthe tabiity of soated atom. 

higher the stabilty of atoms. eg... Noble 
respective periods, so they are more 


ECTRON ATFINATY: 

a the amount of energy releosed when an electron odds 

So ceirdally filled orbital of en atom in ts calence ell fo form on anion 
emit negative charge. 


Ws expressed as kdmele. 


rmple: 


$e ——> Cr gal = -349 klimole 


of the nucleus of on atom for extra elcron 


fore, electron afinity s sven 


Ding addition of fist electron, energy is wesasth thet 
‘wntve sign, 
Ogre —> Ow 
Wiken a second electron is added ina uni 
the negative ion and energy 


= -141 kimo! 
2 magi on the incoming eecoon i isl 
fa the proces. 


gH +84 Wino! 
Ogre —> Org BH 2RR ie second, tide. decom 
Taw ta electon aff of an som © NRE 

ites are positive 


‘Sellen Chomiins Part 


By usieinen 
Direct measurement of Electron affinity is difficult. Therefore, Electron afi, 
generally measured indirectly. 


Prieto Atectinu Lrostgan Arto} 

‘© Electron affinity depends upon atomic rodlus, miclear charge, shielding effect ec 

Inerease in atomic radius and shielding effect decreases the attraction between 
and incoming electron, therefore electron afinily decreases. 

1+ Increase in nuclear charge increases the atirection between nucleus and iroay 
cleetron, so electron affinity increases 


Pi asavion on Frou in yur ivulic tbl 

‘Alona Period 

. Generis. electron efits wnues nee om Je to oh in 2 pr ue ede 
‘inatomic radius and increase in nuclear charge. 

‘+ Thus allali metals on the left have lowest electron affinities and halonens on the 
have highest electron affinities. 

(no.Grow 

+ Electron affinity values decrease down the fo increase in number of tel 
shielding effect, 


It is because, atomic radius and shielding effect increases down the group. Ti 
decreases the force of attraction between nucleus and the incoming elecrons. Hem} 
electron affinity decreases. 


locuon afin of F is less. than CL I is because, F has very small ze and sv 
‘Geczons in 2s and 2p aub-shells, These elecrons form a thick electronic cloud whit 
{epele he incoming electron, 


itis de 1 two reasons 

(0. Groups WA and VIIA have completely filled orbits, therefore, incoming Sm 
wad! have to go 10 higher energy orbitals, resuiting in the decr-ase of Ae 
Bin values wi 

(4) Group VA as hall ile orbital. The epulsions between the incoming eect” 
Sa decsion presca the ballad ofa rns in the decease of SA 
in volun 


| RRR EEN 


era are Te eee 
mney of an atom to attract a shared electron per towards self n a molecule 


ze 


om jecronegntioty ha no uni. 


1 Direct measurement of electronegativty values is not possible, 

{Pauling suagested an arbiter scale fom O10 4, a a measure of elecronegatvity of 
apm. 

{| jHis based upon the difference between expected bond enemies of normal covalent 
Hones of elements and experimental bond energies. 


«inthis scale, lectronesatvty of Fis arbiter aven as 4. The eleconegatvites of other 
clemenis are determined relative to F. 
‘Along Period 


ic able, due to decrease in 


Hlectronegativty values inc 
ate size and increase in nuclear charge. 


IneGrowp 


values des du to increasing number of shells 


and shielding effect. 


patio table 
* the mast electronegative elarent i Foun F) 
+ theles electronegative elomentis Franca ( 


Diference of elecronegtviy vahes 


+ If clecronegativity diternce # 38 
between similar atoms are non-polar ¢3- Ha a 


is 1.7 or geater than 1.7, bond is 
Joni eg. NaCl 


W elcronegaty deren 
tana 


<BR 


ae 


v 


Cetese Cheslene Pert [323] ‘Chemo Borg 
‘There. ‘are generally three besic types of bonds. 

1. tonic or Eecrovalent bond 

2. Covalent bond 

3. Coordinate covalent bond 


TS CONC eel 


‘The bond formed by the complete transfer af one or mare electrons from an atan 
atth toe lonization energy to another etom with high electron affinity ix called lone 
bond. 

Explanation: 

«in energy terms, the clecroposive elements are at higher energy state while the 
idecronegative elements are at lower energy state. Ths difference of eneray res inthe 
transfer of electrons from higher energy state to lower energy state 

“sThe atom, which loses electron form cation, while the atom, which gains electron fern 

‘The compounds formed by the cations and anions are called ionic or electroven 

‘compounds. 

«+ Gansraly, lements with low lonizalion ener (groups [Aor ILA), react with cers 
Fgh clecronogatviies end high eleczon alfiites (eg; Group VIA or ViCk 
tlemenis) to form ionic bond. ¢,9. NaCl, KCI etc 


Example: KC! 
Formation of K* ton 
‘© Electronic configuration of Kis 
1s! 2st Opt 3st Spt at 
+ Htean be represented as K (2,8 8,1. 
2K tends to loose its outermost electron and fom K" ion. “The energy required to r= 
Gone eletron from K i equal to its fist ionization energy. 


K(2,8,8, 1) ——*> K’ (2,8, 8) + le” AH =419 ki/mol 
hin 8 
«Aer nosing electron potest cin the rewrest noble gas conigurt'n oA i 


Formation of Ct! ton 

1 lectonic configuration of CI atom is 
1s 2 gh 29 ph 

+ Itean be represented a8 Ch (2,8, 7), 


VE eA eS A 
ae secses Ea 


eps fo sain one elec to atan te 
«ESE 19 kfm energy is released. This the decron ino sae 
12,8, 7) + le —>Cl-@2,8,8) AH = 2494 / mol 
(an 

envation of KCI 

Fert, electron i transfered from K to Cl atom to form K* and Cl ions. These fons 
Te op elects force of atacton between them and thas ion bonds are formed. 

|) fam C1" fos range thersclves fo form eet late and 690 Wlimol ney i 
Keaned. The energy released during the formation of cysal lice is calle latice 
ene: 

K+ cr 


—+ xa 


SH = - 690 biimol 


wi 
Elements of group 1A (Li, Na, K, Rb, Cs) are good loses of electrons 

{Elements of group VIIA(E, Cl Br, 1 are good gainers of electron. 

1 Thus both these combine with each other and form fori bonds 

+ Similar type of bonds are also present between elements of group MA and group VIA 


oe 

Examples; 
Ca(2882) —> Ca®* (2.88) + 26° 3 rs 
(283) > ADM (28) +38 APG =A; 
0(26) + 26 —— 0 (28) 


S (286) +2 ——* 8* (288) 

$0 the formulas axe 

* Aluminum oxide willbe AO ie, AKOx onan tran tne ito 23) 
+ Calaum one wl be CaO fe. C30 coms nein he ao) 

* Simfarly, CaS and Ali are also ionic compounds 1 some extent. 


De eins Sones ae ean. See SF of 
oe the bond is. 
* Generally, 1 electronegativity difference © 1.7 or more, eae. 
Thus NACI hes 75% om earace, OF Ha SPR Oe Ct 


lations show that 


ae UF 


|) ea, RAT 


hacicl Bening | sate cle Eaed =a 


o 0. 
* ‘ 
i” ‘ft 
‘ 
be 
FW, 
& 
HG 
H 
H 
HH . hoe 
«+ Inguch compounds distsbution of electron density is uniform. Dus fo Se distin pe oH 
In such comodo ae sacl nea, These compounds ae cae H \ co} 


«Feu aso have equal electron densiy disufbution. Hence it is also a nonpobr 
Compound. It is due to cancelation of all the dipoles ‘of this molecule  dve 10 is A covalent bond can be classified as single, double or triple. 
symmetry. in CCl, all C-Ci bonds are polar but ‘molecule Is overall non-polar 1 
Ble Coton Han 
‘Teooatent bond te formed by sharing of one electron pir (noo elecirant), I ie called 
ingle covalent bond. 


Clg, Sit SiC ete 


whe + he 


Paton tod 

cal cee on frm hy sin of eaten (fe A) ne 
double covaent bond. 

Sxomples 

Oxgen 


Crescent hood In which Bonding electrons are not shored eavll? by olan 
colled polar covatent bord 


+ Gulia ie aac by th een i 
in meh cate one en f the melee pati postive St 
se ds a ie 


Ea Me DE ti SS ON 


=a ‘hemi Bonny Lc] pan 
Dri io en 
If coudlent bond a formed by sharing of three alectrom patre ( atx electrons ), ty ordinate covalent bond is be 
called «triple covalent bond. A ras donated yon of bended me Eee Stiey she: ersd bate 


«+The atom which donates the electron pair is calle the * Donor * 
1) The atom which accep them for bond formation s called the “Acceptor 


«This bond is generally represented by an arow pointing from donor io acceptor tom 


Examples 


Brecon of Anni iin Bi) 


“=A co-ordinate covalent bond is formed by the donation of electron pair frm nitrogen of 
NH, to B of BFy, 

«+ NHig has three covalent bonds and one electron pair on nitrogen ator. 

2 InBF, , octet of Bis not complete, therefore itis deficient in electrons. 

{Thus N can donate the pair of electrons to the acceptor BF, and co-ordinate covalent 


bond is formed. 
ue HOW ‘ 
HecrerH | f 
Hon Ethane n—ni+ erp | "BF 
- Gl | 
Silicon aleo gives stmatlar typs of hydrides called sflones. 4 F r 
Example: Dislane Donor Acceptor 
4 «The compleeso fonts decay esta Chaps re mentoned on Nand B alos 
He en aa 
in Tn zome cauea oficr Bond formation, no dninction b present beneeen « co-edinete 
covalent bond and a covalent bond. = 
Atkenes Bani 
‘The compounds of C ond H containing double bonds ore colledatkenes mea 
; : When an acids ascWed In wat a vnc isfnnad beween HAO and Hann 
shared pair of electron is donated by O of HO. 
(Qe ote 
— Ieee 
G id 66% 
trond is 33% coordinate covalent an 
Tha compounds of C ond H containing triple honda ore called alkenes Al the three bonds of Hi0" ae neal: EVE 
Exam: tune Covalent, 


He i120 +H or H—Cammc—H 


Ethyne 


‘Caltens Chambery: Pad = 
EELS 

‘Akcohols and ethers donste thelr Jone pairs to H* tons to form coordinate covalen, 
‘bonds. The fons produced are called oxonium lon. 


‘Sheil Bending 


oe eH 
|. cxonium ion of leone 
8 
—-  Rotn 
| onanism ion of ers : 
x 


‘A co-ordinate covalent bond is formed by the donation of electron ‘to H* ion by nitrogen 


ave 
4 ‘ 
elite —s bees 
sro | ere 
are 
Esau nna 1) ake ea 
cenit 
i i 
: at —e nortan ‘where R = CHs ete: 
primary amine | | 
i H 
' ; 
alot! —e a hten 
secondary omina | 
4 
i 


|) Bee 


aN AS 


= ‘emt Bonde 
«PH, combines with H* to give PH," fon cle phosphonium fon, 


+ Coorinaeeovaont bond ares present n HNO, , May exec of halogens 
the (HIO, , HO, , HO, have oot covalent bond beween Clana O 


{res model has explained how the afoms are bonded to one another and how the 
slacyon pals are shared behwcen the bonded atoms 
Less odel as following itations 
{Iti an over simpilied mode. 
{f) It does not tell about the shapes of molecules. Many physical and chemical 
‘properis of molecules depend upon twee cimensional arangement oftheir atoms. 
tuyit does mot tell about the bend distances, various energy tansions as shown by 


spectroscopic techniques. 
{i) Ttdoes not account forthe unique behaviour of molecules during chemical reactions. 


'AY ideal model should explain oleaiar hanes comets, bor! polaris, band 
dtaces, various eneray transfions and urique behaviour of molecules during chemical 


vations, 


DERN THEORIES OF COVALENT BONDING. 

Various theories have been proposed to explain he nature of ovaent bonding 
‘few important ofthese theoias ae 

‘A. Valence shell electron pai repulsion theory ( VSEPR] 

® Valence bond theory ( VBT) 

© Molecular orbital theory ( MOT) 


CE SHELL ELECTRON PAIR REPULSION THEORY. 
* This theory was proposed by Siduick and Powel in 1910 eon te ere of 
‘covalent molecules onthe bases of electron pat nO Ce ha cee 
iy, Ngtholm and Gillespie developed VSEPR theory to expla rapes of 
‘molecules for non-ransiion elemens 


\ ith [POEL aa 


emis Bending 


tata Ho. oS ence Meee 
Lrecteon yond :Ritone.s 
pins arvane Prone 
renal acne Pee eae 


1. Both lone pair and bond pass ae invlved in detaining the geometry of molecule, 

2. The elecron pairs are arenged at 2 maximum distance around the central polyalet 
atom to avoid repsions. 

3. Alone pair occupies more space than a bond pai. 


& frrouin dom ate ean ong oer 
cipcpr ne p> Loe pt-bnd p> ne etd a fs seas 
1 Cicer snd pa eotmce bah mt ire area | z [a Pio” |r 
cot er ava esd nc Fee eee : | 
co pas ey ore ce. Tears et aE 
SSomsrese ba es 
5. De bons an nds cy more pi hn ng bo a see 
We bee, Sue rd ee bs sotin Hj eis Cat dat p44 
therefore, they occupy more space than one electron pair of single bond. 2] 2 | Bao [mons 
6. Muiliple bonds (i.e. double or tiple bond) behave as single bond in determining the r : a 
ce Se eT es 
It is because they also occupy the same region between the nuciei like 2 single bord t 2 | Spgrentéet'| Horremnisel 
ar Ca Ce 


TENCE SHELL ELLCTZON PAI REPULSION THEORY 


DO NSEPR ner con peti fetes of conlent ais. 


{There are ’ “ 
«Consider a cortal stom ‘A. combines with two or mose ‘B'type atoms to ge AD } . ogi tho electron pain round tec so 
AB, ABy, ABs, AB, type molecules. ‘ fee pita 
The number of ‘B' atoms attached to ‘A’ depends upon the valency of yo er 2 


“Fius, moecies canbe divided into dierent categories given in te following sat oh ecto pa 


UL 2H 


‘Chemis nena 


‘pee is no Tone pelt. 


" fading {0 VSEPR theory, the four electron 
Exar BE, 


» hale ost ave minum sconce terran 
1+ There are three electron pairs around the central B atom. i 42% onan ol eleczon nai ial Th 4 
‘© All three electron pairs are bond pairs. Biolecular geometry is determined by bond pairs on a D 
© There is no lone pair. TOE Nat fe Tae fel alio tetera pairs only. So, CHy 
According to VSEPR theory, the three electron pairs are present at present at the comer of tetrahedron: 
‘120? angle in order to have minimum repulsion between them. Thus ae F danale is 109.5°, iedron: Thus CH, molecule is tetrahedtal 
'¢ The molecular geometry is determined by bond pairs only. So, BF, pons plant 
‘molecule is also triangular planar. a 
Hydrides of group III-A (AIH , GaHy, Ins) and thelr halides(BF, ,AICIs} ee Us BIE 1 Gel oe 
J re ; 1p ABiL Tepe: Wo rinse Bonn pans 410 one Lone : Q 
(ABLDe: Wms Two Bow Pans Ano Ons Love Bar: . 
Exanirtss SoCle Q } There are four electron pairs around the central N atom. Wh 
«There ae three electron airs around he cenzal Sn atom. hee H 
c A mn pairs are bond pals and one electon pots lone Ht 
Two electron pairs are bond pairs and one electron pairis lone pair. oC pa tose 


‘Acording to VSEPR theory, the three elettron pairs ar present in & 


‘theta form in order to ave mignum puso between tem, 
‘Tweamanaement of electrons is tetrahedral, 


x 
} “ie releclar geomet is dstemined by bond pas only. So, NHy HED 
‘molecule Is triangular pyramidal HY 
P Theelectronic configuration of Nis os 
IN Ist 2s? 2p," 2p," Opt 
‘Since lone pair ‘occupies more space than bond pairs. Therefore, lone pair present in 25 
{Biel at exers grater repulsion on bond pals ‘Thus == H bond angle reduces 


According tb VSEPR theory, the three electon pairs are present in a “wei 
triangular planar form in order to heve minimum renulsion between 


5 
«aan lecular geomeby i deternined by bond pais only. So, Sn, AS _>9 


molecule a bent or angular, Since, one pelr exert greater repulsions —*#™""" 
‘on bond pairs, therefore, C]=-Sn=Cl bond angle is less than 120", 


(AB, WITH MULTIPLE BONDS 
in $0, one comer of tangle lt ocupled by lone As 


pair and other two are occupied by S=0 bonds, Thus 
thas angular structure 


9 SerEcomotes 
tn 50,, ll comers of tangle are occupied by S=O aw We 
‘bond, Th thes togularsiture (tangle planar) f 
, " le 
oe sxe sublited bv maselesronaatg gts 


sd 3 
the polar N-F bond pul he fne par of closet he “Re 
i 8 it exerts greater repulsions on ‘bond pairs, hence bors anal | yi 
Eni Pn 202. Furr, bonding dectone ae rat DF duets 
1 There are fout electron pats around the central C atom. AN, ual repulstons of bond pals ae alo dec 


* All lour electron pairs are bond pais uw 


ssesasi 


Te wore gooey « Geienninet! youd pais only. So, HyO evades 


rine 
Tie arcing AO 
00 8 8 tie} tee bop 
1 i ies ke rs aOR A soe prev. Fis Ha 
(irae iyien fp  IRE BA ~ WOR BE (Oe aie AT 
0 i NN 


JA th as gran Has nears, Fae Ok the cena Of 
(cevtnacios ans Secorad ey ne paws The HTL) waa ee ear 


I a hae ae unter rales OF Hone BAK nen arate 
Tek ant Nee gee Toure HD BOA le rachel 6 108 EF 
Crher beconntes 

Hie HS HySe 


6 
Phe frm alec sit tian 
trnnapil Wierraenidl ameemetey 


Example: Ply 


The electron pair arrange i an oxtahedeat 
emery 
Eerie. Fy 
Brite YE ohne 
1 dees et gn amen he ormation of bene 
1) dows 08 asp se sarge 


iS 


NR 


[OEE Sa 
al =a 

ie Ned engh so ped eecs 

abate pennre theory th 


ftom. 1 explains formation of bund. 


(The ts veep ttle must oe vance ofits nrk tbe ait Hl 
(0) Langer tne orig sacri the tet 
(i) Pre aceon A be a eer ty arson oh neti te 


(i) Tine ihernins, present ie band cat, mist baane rpyrmta spire The poms 
econa abine venties 


Veet bert reserves Nr pms Ch bn 


164 the single hud formed, when wu parity fied meme orbttele wvertep tn oat 


edond ‘around the Sina Jb the 
Ar teste proba of finding the elecioen Ip mata ening 


sind cevatert bonds ave ound 


* eetati aft, cxcbecutes 
eprint 
‘leeteemmie configuration of Hie Is! Ls orbitals of twee hydleagen atoms rverinp with 
Sh ter lon HH bond Inthe Brel elect dant preset between the ode 
Mba called or -bend 


iia fh pee 


Eiewomic configurations of H and F are ies boot i bn tt ic ‘het Banos 
now et bonds between two nitrogen atoms in Ny 


F  WABF 25125 "2a! 
‘Thus. H and F need cme elecimm each to complete their outermost shell. This dene 
uetampme 2s arbi of H wits 2p, oral of F 


Oe EP 


‘enon — Enear molecule. In this HSH bond angles about 92 
lecronic configuration of Sis 
eS 18°23" 2p? 2p, 2p.6* 3p.335,'3p,! 
Two hllfilled 3p orbitals of S overlap with two Is orbitals of H atom to form H,S 
saceaule. Thus, idea of overlap describes the geometry of H,S molecule 


The bond formed by side-to-side or peruilal overlap of the p-orbitols. (~ » 


The nd he ach genet econ dent prevent one ad bate (|) 
= oe Ped and shape are mixed together to 

Fer -bond formation, the suo overlapping orbitals must lie in the same Ah berg ee nats Se a ee eS ae 3 
plane birideation. 

‘Consider the #-bond formation by portal The akeee Kase 
‘Examples, Formation of Nz molecule tmportomce 

i i 

Ny molecule formed by combination of two Concept of hvbrktzaion i used o ean ecuvalettavalency of C, bond ance in 
nitrogen ators oe 

‘The electronic configuration of N is 

omy for Excitation 


GN 1s?25" 2p,'2p,"2p," 
Two N atoms have hallfiled 2p, , 2p, & 2p, 
cotta. 2p, orbitals of two N atoms overlap endo 
ba) Mo give 0.0 — bond, while two 2p, ofbtals and 
10 Zp, orbitals of two N atoms overlap to give two 
*-bond by paral overlapping 


from lower orbital to higher orbital to ncrense 


tome 
tome cases, one lon prom fom owe ol A on Te 


mumber of unpaired electrons. The exci 
jon. Hybridization gives 


St of ne thape and onelabon. 


ey a 


a Ee 


otiem Chomtery: Pert henley al Pe] eainces 
Types of Hybridization pees 


There ace varios types of hybridization depending upon the number and ny Py, N undergoes sp" hybridizaton. Ones 
oben cing parm tyodaaton eg. 5.97.9. OOP, dap). Psp et. rae al ppd obits canbe ngracad sn oe nee move 


aed p as mide in te oll wa a 
ET N 4) [a] GOT By 
im thie, one + and three p ctomic orbitals Invermix to form four equivalent rig, © @ eae) 6 ep 
lle) op hyd tome oie. 1) GT y 
eis er a etree stare thm en 
Foon whe cnn 0 ezatl srctare with mt bord ares of 109 romans (1) GT ose 


+ Four ep? hybrid orbitals ae present at he EE 
comers of regular tetrahedron. 


«Three ball-filed sp"-hybnid orbitals of N overlap wth hallfiled 1s orbitals of three H 
sloms to form NH, molecule, While a lone pairs present at one comer of tetrahedron. 
‘Thus NH, have pyramidal geometry in which bydrogen atoms form the base while lone 
paic form the apex. 

«+ ‘Since lone pair occupies more space than bond pairs and closer to N, therefore, exerts 
‘pealerrepulsions on bond pair. Thus, H- N ~ H bond angle i reduced to 107.5* 
[NH from normal tetrahedral angle of 1095", 


Example 1: GH, (Methone) 
In CH, C undergoes sp hybridization, This 
hy/onidization can be represented as 


Cond un) (4) Ce) CI : 
te 2 ne a 
WC lecied tre) fh 
12 btn oa) 
Janine) 
: hs] * TOUT am i tals represent he come 
+ Joris orbital has two lobes, one smaller and_one larger. Eos =" ool Tegular tetrahedron. I tals of two H atoms 
ier oh ot usually sho, * Tie hse oy? yb rb of oon wh hal en, 
‘+ Four sp hybrid orbitals of C are present at the comers of regular tetralwdrO™ gt to form HO molecule while two lone pairs a PF 
mS Feurep* ytd ext of Ccwelap wth haliled Is orbitals of four H 3008.9 ta], TNH HLO has angular oeomely send pi and dsr oO, taro, exes 
CH, molecsle with texahedral geometry. All the bond angles ane of Migs Since lone pair occuples more bere “D._ bond angle if reduced to 104.5* in 


‘Sreater repulsions on bond pals 


tetrahedral structure of CH, has four faces, four comers, six edges and six BO” 4 
H40 from normal tetrahedrl angle of 1095 


‘Catage Chere Patt 


Pe thin, ane and soo p atone ochitals tntermtx to form thee extent 
cated ap" phd mnt tte. ort 
Thee spfinbed orbeals forms a biangular planer structure wath mutual bond ag 


fe) % 


Pe senses) 
In BF;, B undergoes sp* hybridization. This hybridization can be represented 3s 


= emt Peet 


o- OS 


Boman  [f 


qo 


1" 


a Ra 


Biocmt me u 


2s Jim 


Bote eae i 


Fluorine has one half filed p-orbital. Three sp!-hybrid orbitals of B overlap with hi 
fled 2p, orbitals of ee F atoms to form BF, molecule with tiangular planar sbuctue 


In GH, each C atom shows sp* hybridization. 
‘This hybridization can be represented as 


Cowan OO 


Cleats OO a 


ae 


Tae 


Copamasooe 


iT) 
a 


| eae 


a Be ON 
ppc Bet [ss J 


Tee aa 


«Bach C atom undergoes sp ovtap with each other form ao. 
similarly each C also sp* ~s 0vetep uth Hats to foes Cl, ten 


planar structure. 


Pf iietieation] 


ne unhybridized p-orbital of two carbon aloms ovep —_ 
ths bord probability offing decron maximum beeen te nse 


Jp this. one sand one p atomic orbits intext fom two equivalent otis called =p 
“The two hybrid orbitals are present a an ange of 187 


O+co— FS 


<= <a) 


EES 
Paample 1: Bey 
InBeCl, Be undergoes sp hybridlaton. This hybridization can be representa at 
Cares 
seo (2) [8] i} 
so Sm 


Betmines OF) fF 


7 5 
‘Two sp-hybrid orbitals 


talliled 3p, orbitals of two C1 atoms to form linear Beh 


2: 
Ti GyHy each C atom shows sp hybsdluation. This hybiduation 


Leonie (0) on 


1 e 
€ three state) woo 1 


ee Fm 


© tered te) 


oe 
ate a 


of Be are present at an angle of 160°. These orbitals overlap with 


molecule. 


cap be represented a 


«Each C atom undenoes sp-sp ovarap with each other to form a o-bond. Simin, | gage ‘antl Bonds 
ach C aco ap-s overlaps with H atoms to form CyH molecule to form CH mole aD i sleep wos al 
with linear structure . Cons mae . Thee p - orbitals are perpendicular to each other. 
«Two unbybridized p orbitals of two carbon atoms overlap sideways to form two towing veri occurs bein p~ obs 
tonds, Four elecronic douds of two x ~ bonds Intermix and surround the sigma bond i 
the shape of a drum, : ‘The HO, which ts symmetrical bout the bond ax called & - MO 
Or 
‘The MO produced by the head on overlap of ctomtc orbital ae calfed.0 - MO 
‘his based on quantum mechanical model of atom, It considers molecule asa single unt ‘When alomic orbitals combine head on «bonding MO and o‘- antibonding MO are 
es main points are produced, 
1. Atomie orbitals (AOs) combine to give new set of molecular orbitals (MOs), which Head on overlap of two 2p, orbitals produces & and 0” MOs. 
‘are characteristic ofthe whole molecule eo 
2, ‘The molecular orbitals surround two or more nucla of bonded atoms 
3. Two alomiec orbitals of combining atoms averiap with each other to ge wo 
‘molecular orbitals. One with lower energy is called bonding molecular orbital and the art Oke") 
ster with higher energy i called antibonding molecular orbit: CO1CD coF 
A. In bonding MOs, electron densily is present between two nuclel while in antibonding i ™ ata 
MOs itis away from nucle 2 
5, The number of MOs produced is alwoys equal fo the number of As combined. ee | eel 
6 The filing of molecular orbitals takes place according to Aufbau principal, Pals tdezoye onetay of tote vale ond conte nl) 
‘eusionpncpe and Hunde ec ean nated “NO 
Proton nding molecular molecule orbital x(2py) and.» (p,) have ze elecon Som 
=m Fen ae ie nodal plane Electron deny is unfonnly dstbuted above and 
below the nodal plane 


‘Consider two hydrogen stoms Ha and Hy. Each hydrogen atom has one electron 1 i 

1s orbital. Two 1s orbitals of combining hydrogen en orale ‘with each other to give ™° i ‘Anibonding molecular orbitals (274) end 

molecular orbitals of diferent energy. piaciear eg ica 
Low energy melendar oral iscaled bonding sigma MO denoted by o 1s and HH inlet py and 2, a oar deen 

energy molecular orbital is called antbonding sigma MO denoted byo' Is. Hay ed fp) en a 
“Tes boning moles eas symmeieal about he axis (molecular xi) 198 sefe ecer soo al 


2p.) have least electron density in the x 
[2p,) and x (2p, are also degenerate. 


overlap of two sets of provbtals, Three 


ruclei of bonded atoms. ‘bonding and three antibonding. Qe 


i 9.9 OS 


ie ID Mili 


lars chambre: Paid ‘hank Bay 
The bond formed by linear (head on) overlap is clled @ bond, While the bond formed 

by sideways overiap is called x- bond. 

"Since three bonding orbitals ae produced, therefore, p — orbitals can form three bondg 

cone sigma and two x- bonds. 


+ The energies of molecular orbitals ae determined by spectroscopy. 
‘+The energy of MOs of diatomic molecules such as O, F, and thle positive and negatie 
ions sin the folowing order 
o(1)<o"(s) <a (2s) <ot2s) <a p,)<x @ry)=2 py) <2* Py )=a4(2P,)<ot2p, 
ese ore called bia 
+The energy of M.Os. of diatomic molecules such as Ny, Bez {Cy etc. sin the fllouing 
order. > 


In case of Ny, By and Cy, © 2p, is higher in energy than 7 2 
‘mixing of 2s and 2p atomie orbitals 


| PaO EINE 
site 


Sos 2.20.5 2-20, at Dot involved in nina. heel. thei ener rains same. 
me tie -not involved in mikng it ns 
ee of 6 2p. raved so much that & goes higher than x 2pye m 2pe Bont 


i occu Jamas ener diference between 2s and 
Energy differences between 2s and 2p axbtals are ghen below, These have been 
isemined by spectroscopy. 
Boron = 554 Wimol 
Orggen = 1595 limo! 


Jeow onnen 


The nuniber of bonds farmed between two atoms by overlap of atomic orbitals Is 
callad the bond order. 


ln MOT, the bond order is defined as 


The half of the dference benoeen the mumber of bonding electrons and ent-bond 
electrons, me 


Con = 846 kina 
Fwerine = 2078 bled 


Nirogen = 1195 jim 


is given by the formula 
ond Onder = He faectonin bong HO No ofeletonnatbonng MO 


z 
Generally, valence orbitals ore considered in bond order calculations. 


“forms a single covalent bond as shoun ini. 
* Eectronic configuration of Hes (hs 


| 
H, molecule has two elecrors both in (ols) bat pek ‘ 


* Bond order = 2-0 
n 2 ‘atoms in H, molecule. 
hus, there is a single covalent between two hydrogen ‘ 


Gin fh, 


‘Cafe Coates Pass es 
f@ Blecionic configuration of He is Me te, ie 
cues a 
© ts MO diagram is shown in the fig. | | fois 
«Hey configuration is / 
ods? <or(s i 1m 
one = 22220 ian ie i\" 
pari 1 | Na | 
Ths thre ino bond Le; no atvctve force = 


between hao He atoms. 
Hence Hellum molecule (Hes) does not ext. 


«© lectronic configuration of Nis 
sh st 2s 2p, 2p,! 2p, 


‘+Electronic configuration of Ns Is 


alle}? < f(s)" <0 (257 < o*( 25)? 
<< x py P= w (Opal < 0 2p) 


‘= Since all the six electrons enter 
into twee outermost bonding 
orbitals while no electrons enter 
Into snitoonding orbitals. Thus 


6-0 


Bond Orders: 


bbond between two nitrogen atoms 
in N, molecule. ie. NeN . One 
bbond is o- bond while two others 
fig are x— bonds. 


Bond Energy of N,=941 kl / mol 


Pari 


s ‘Bedronic configuration of Q is 
pit 2s pe 2p, 2p, 
4 Bletronic configuration of O, molecules 


disf<o"(ls}*<o(2sF*<a*(2s!*<at2p,* 
x PF =x 2p. )P<n*(2p, = xp)" 


+ Bond Onder = $52.2 


Thus, O molecule has a double and 
tetieen two oxygen atoms i.e; =O 


+ Ohas two unpaired electrons in x*2p, 
and x*2p, orbitals. Due to these 
Uupalred "electrons Oy shove 
paramipgetic behaviour. 


+ The paramagnetic behaviour of Or 
sannot be explained by Valence Bond 
‘Theory, Its the main success of MOT. 
Liguid ©, is attracted towards the 

Tegne. 


Bond energy of Oy = 494° Kd/ mal 


Tragnelism fishes. Similarly in Ox, two] 


jectrons ore Ts para 
two ele ced ths 5 Pa ode of 


ed electrons are remove, tt spares 
meaned 0,** is three. 


"The veroge encray required to Break one mote of similar bonds tn a substancy 4, 
celled bond energy 

= 

This expressed in fmol 

«Its the energy required to break an Avogadro's number of bonds. Same amoung 


‘eneray is released when an Avogadro's number of bonds is formed. 

Experimentally bond energies are determined by calorimetry or spectroscopy 

1 ine enthalpy chonge in splitting a molecule Into Its component atoms te colkt 
enthalpy of stomisation 


Bond energy is a measure of strenath of bond. Strength of bonds depend upon 
‘+ Electronagativity difference of bonded ators 

‘© Sizes of atoms 

Bond length 


PAS pron | PPO tron EE SE Bond 
met eat NF a as. | Bae 


7 VE ses Awe A 


Pe 


(gi coat ede igen nonpolar conan bond. 
Pe jth eter Seat of HCL due plan chsar 
Pepe H-H bord energy 436 Wino 

Tee HH Hy BH -96 not 

Tus 6.02 x 10"*bonds have energy = 436k) 


436 
* agg 1 


since each hydrogen atom contribute equally, therefore, cantnbution of eae 
Season yo bution of each hydrogen 


1 bond wil have enersy 


> Stnilarty Cl Cl bond energy is 240 mol 
and for one bond it is 39.86 x 10-* 1d. 
‘Thus each Cl atom will contribute 19.98 x 10° 


> Hence In case of HCl, bond energy must be 
9628 x 10° +19.93 « 10° = 5631 x 10-*idlmolecule 


> For one mole it will be $38.9 kifmol. But actualy itis 432 klimol. This increase in bond 
‘energy is due to polar character of H ~Cl bond 


* Bond energies generally decrease with decreave n electronegatcity difference of the 
jatome. 


Example: In HF, H~C1, HBr and H=1, greatest EN. diference isin H Fond 
Le. 2.1, while in H'— 1, the E.N. difference isthe least i.04. 

Fence, H -F has greatest bond energy (568 Klimol) wile that of Hs the least (299 
inal) 


Retatoe  tectronegettiien can be 
termined ‘oy noting difeerce between 
perimental and calculated bond ener 
$8 cane of HX, thi dflerence soe or 

and least for Flt shows that HF s more 
‘onl than Hi 


Th onder of tonte chorater le 
HP >HO1> HBr > Hi 


EL Sa 


— Cl bond length mss be 9 +77 = 176 pm, ; 


iSecsibics inital eine 
By adding covalent radii of Si { 117 pm) and F (64 pm), 
TE PLSD tat 0 gy te wo 
“This deviation is due to diference in elecronerstivity ofthe bonded atoms. 
ta 
eeitamd Gane hl Mier a vl Ao bono 
is becuan, ri chawce rot! we bond The pls cavarach er 
ne 


eg, The bond energies of C=C, C=C and C-C arein the onder 
c=¢>C=C>C-C. 


Table 6.5 sone selected b 


ound Mision Bonde MN 
ah 
emt ot ea a 
ce a [ex | 
ae inpm (Ipm = 10m) - ‘ 4 
In Sl ayster bond lengths ae expressed in pr (1pm oe pa = 
‘The bond lengths are measured by physical methods. e.g. electron diftacion, Ka va 72a ee 
fection or spectral stucies. 
‘Due to vibratory motion of atoms, bond lengths are not constant, Thus measured e cnc cs) 
length i actualy the average value. i ee = 
The covalent bond length of a particular bond i almast independant of the THR * 5 
molecules. e.g. in most aliphatic tydrocabons C - C bond length is 154 pm. Sar - 


sah How 
Dae hoff the atnct boteon cll of to omtr bonded com 
Conaient Ratios, 


Covclent rod of diferent elements are additive tn nature. 
Example 

Covalent radius of lis 99 pm, which is half of Cl Cl bond length 2.198 P™ 
Sided 

‘Covalent rads of C is 77 pm, which is half of C - C bond length 2.154 Pm 


5en enath 4 from left to 
atomic size and Increase in nuclear charge. 

‘2.4, bond lenath of C— Cs greater than N -N bond length, 
Ine Grow 


due to decrene 


(Generally, bond lenath increases down the araup due to increase in atomic size 
eg. Si—Sibond length is more than C—C bond length. 
PP bond length is more than NN bond length. 
It t because due to increase in atomic radius, effective nuclear charge decreases 
lectrons. Thus bond length increases. 


“The product of the magnitude of one of the charges (postive or nogtive) ao 
auance benveen thir centers ealled dipole moment 
‘Explenation: 
‘The bored between two atoms of diferent electronegatiites is polar Le. have ast 
and nape poles. This produces playin the mole. 4 
‘The separation of charges on bonded atoms is called a dipole. {It is measured in term 
pole moment defined as 5 
Lett 'q’ the magnitude of one of the charges and ‘’is the distance between ther, thet 


see Sa 


; meter coloum 
‘Thus for a unlt negative charge at a distance of 100 pm trom a unit postve charge, we 


have 
pe (1.6022 « 10°C) (100 x 20°} = 1.6922 « 10" mC_ (1) 
4 mc isa bigger unit. General, smaller unt Debye (Ds used. 
1D = 10" eeu em, 


or 1D =3.336 < 10 mC _ 2} 
‘Thus from eg (1) and (2) 


1.6022x19° 
#=Fm@a07 18 


Piste Monsen nd Niece 
Dipole moment measurements help o determine the shape of molecules. 
Pitomie molecules 
Diatomlc molecules are always liner. 
3, CO has a linear structure and ts dipole 
moments 0.12 D. 


‘Tistomle Molecules 

Both CO, and CS, has zero dipole moment. Thus these have linear 
‘truce, n which one dipole cancels the BX Gy 
see ober: eastd farsi 


Dipole moment of SO, and Hy0 are 1.64 D and 1.84 D respectively. It shows that SOx 
{41,0 have angular structure because one diple does nat cancel 
the eect of other. 
Tetatomtc Motecates dea 
Ni has dipole moment, wich shows thatthe individu 
yom eh dorcel he el oleh oer 1 eet Me 
‘2¢Pyramidal Stucture 


cal 
ote Coa es hove a dpde moment ty 
pierces 


‘hage onic cheracer of bond 
‘The formula 


‘kage ionic character = Pete «100 i coc al sur ices Sach eau sid wie re op od by 
i ‘ eirsiatic trations, Tha, ink compounds are dcved by erin 


Where jag = Experimental pole moment The ene aad ira non eda eae 
hue "Dipole moment caeltad onthe buss of 100% 
chap eption 


Example 
‘The observed dipole momant of HF te 1.90D. The distance 
atwnen the charges 2 0.917 X 10m. Find the percentage 
onic character of the bond. 


nds di eg, benzene, 


Solution 
Unit positive charge = 1.6022 X 10 C ie. 
Charge = 9 = 1.6022 10-7 + Taine aracn of ent mle wih he compoues bak ntemoledar 


* Mat covalent compounds are insoluble in H,0. Few compounds are dissolved by 
sudrogen bonding. 


Cx 0917 x 19-¥m 
1466 10-7 mC 

Sine 1D = 3396x 10° mC 

11469010? 

3386102" 

ras Rance =D «82% 


ie Sal Nd xe ae cl TP 


Therelore He 


a 


It t because tonic compounds, exist 26 fons in aq, solution. Chemical 
bbenvean ons occur repdy. i 
veg By sxkling AgNO, sohtion to NaCl solution, white ppt of AgCl are prada 
‘once 
In ths reaction, both AgNO, and NaCl are in ionkzed form. Therefore no bond i 
be broken. Onby few bonds ar formed, Thus reaction occurs rapidly 
+ Cosstent Compounds 
Bocause no elecicalforar 


pros them to speed up the readion and energy is equred to break bonds ndisn 
ow bonds, The molecules undergo a chemical change as 2 whole. 

‘Covalent compounds show many types of reactions which depends upon the ways 
reaction and kind of reaction 


Peer = 


SSJECTEVL DESI 


ap, Select the comecteatemest 
{) Amtonlc compotad A* B'ls most Ikey to be formed when tates tar 1018) 
{a) The ionization energy ofA high and electron afinty of B is low 
{b) The ionization energy of Ais low and eleczonaiirity of Bis high, 
{c) Both the lonization enerey ofA and electron alinity of B are high 
(4) Both the fonzaion energy ofA and electron aint of Bare low. 


(00 The nemnber of bonds in nltrogen molecule 
(alone @ and one = (b)one « and two « 
(@ three sigma only (d) twos and one 
Boe, 2010, 2012) 6. Khon Boo, 201, nA 2012 tabere 
ced Ben 21020) 201) 201 a mga Ror 2012 aber bad 2014) 
(ay Which of the following statements ts not correct repending bonding molecular 
orbital 
(a) Bonding molecular orbitals possess less energy than atomic orbitals form which 
they are formed. 
(b) Bonding molecular orbitals have lw elecron densty between the two nucle 
(@) Every electron in the bonding molecular obilals contributes to the attraction 
bbetwean atoms. 
(2) Bonding molecular orbitals are formed when the electron, waves undergo 
constructive Interlerence. 


(i) Which of the following molecules hae zero dipole moment? 
(NH, (0) CHC, fa HO 
at Bor, 2011 (0.6. Khan oar 2012p bor 216) 


(6) By 


GEE 


‘molecular orbitals 
woe Cc (iF 


one pomp Ba, 09, 201) Me a 2010) 


Paw ia 008 
‘sey 208) a) en Bore en be 018 
oe Bn nn Ba pe 


Tonic bond is formed by complete tener of 

‘Gecton from one aor to another. Hence, 

fonizaton energy of donor atom must be lou 

fe lowe electron easly an electron afinty of 
or atom mt be high 1 


‘According to MOT, when two atomic orbitals 
Scedap with each other they form 0 
fmoketiar ofbilal. Bonding MO. and 
Tubonding MO. In bonding MO, electon 
‘Jenny Is maximum between the nulel whe 
fm antbonding MO, eectron density 's 
‘minimum betwaen te nucle 

‘Therefore, [] i comect 


"The pokey, of & bond depends upon thet 
{erence of elcronegnivty between the two 
toms. Since in HF, eleckonemntiy 
Adilerence i geatst, therefore, bond between 
Hand Fis Mighly pole. It has highest dipole 
moment of all. Thus, It has highest % ionke 
character 


oo oe 
i Ge mcaer sere oan 
eee dae tn ond 


TNH, HO ond CH ave all unsynmete, 
Trabecules. Their Individual bond momenis do 
fot eancel the eet of each other, ther, 
al thee have dipole moment. 


Ny? is produced which has two unpaid 
clectons in antibonding melecular ols 
just ke O,, For MO dlagrams see Q120i pst 
‘and Section 6.46, 


QE, Filia the blanks 


{) ‘The tendency of atoms to in maximum of ight electrons the vale 


Iscalled 


(w The goometica shape of SiC, and PCI, canbe explained on te bass l — 


hybridization 
(W) The VSEPR theory stands for 


(hu) For, molecule, the energy of © 2pyombials___than x 2p, obit 


24 eal 
ie) greater 


2) anypaived 


(v) Te paramagnetic property of Os wel explained on the bas of MO Me 
terms of the presence of electrons in two MO orbitals. 
(vi) The bond erder of Nes ___ while that of Ne Is 


(vitThe value of dipole moment for CSpis__ while for $0: b_—_g 


(ii valence shot elect 
fest theee, zene t 


Pew vil 


ap, _ Clee the statement oso of fee. Epa he eto, 
‘Thecore ofan atom the aiom minus alenc shel 
ai) ‘The molecules of nitrogen N= N and acetylene HC # HC are not isoelectronic. 
fu) There ae four coordinate eovelent bonds in Non. 
(i) A a~bond is stronger than & x-bond and elecrons of bond are mor 
<fused than #~ bond 7 
(i) The bond energy of hetero diatomic molecules ncrentes wih the decrense In 
lectronegafivites of the bonded aloms. mens is 
‘With increas in bond order, bond length decreases and bond strength increases. 
“The fist Ionization energies of the elements rise steady with increasing atomic 
‘umber from top to bottom i 2 group. 
(uit) A double bond is stronger than single bond and a triple bond is weaker than’ a 
double bond. ; 
fi) The bonds formed betuéan the elzments having elecronepatity diflerence more 
than 1.7 ere aay covalent in nature 
{p) The repulaive force betwen the two bonding pas i less than that between the 
two lone pas. 
(hi) The umber of covalent bonds an stom ean form is related to the number of 
unpaired electron it has. 
(64) The rules which gover te filing of electrons ino the a 
filing of electrons into the molecule obits 


wi) 
‘wih 


c orbitals also govern 


‘Alin 
uh True 
‘al Falke “Sie 


Sain Fate %Y 


ori 


tay False gE 
Gitte 8 
to True 


ix) Fale 


SaaP Discaas the formation of onl end covalent bond 
age $24 (lonic Bond) and Page 326 (Covalent Bond) 


WirfaDagine Tonalin avenged eaciron afin. How sbese quanee change wih 
‘au increare in the mace nuenber? 
age 319 (eniatton energy) and Page 321 (electron fit) 


a ee 
‘Tapia at do you underetand ythe ter lectronessttn? Dicuss Mt coratione 
Inthe perdi sble. How das iaect he bend sree? — 
Peay 


Tete ercsares for the 


HCC (MNCS, OM) HAN AIFS 
(i) NHOH 


Ge. Wits te 
1 HEN 
(ANNO, (tt) HeCeOy 


- 


| 


G7, (ah Explain qualitatively the valence bond theory. How does i difer 
orbital thaaey? 


Poge 323 (For Valence Bond Theory) 


Molecular Grhital henry 


In MOT, ol electrons of combining 
involved in bond formation 


in VET, the two combining atoms do not 
ene thee Went 


i dows not expain the paramagnetic 
behaviour of molecules «Oy molecule 


In MOT, the two atoms love their erty 


an 


determine whether the bond is ind. 
for teple or even i fraction 
explains the non-exstence of Her 
mckcule. 


From molecdat 


asl 


Inexplan the pareregnetic behevow_| 
Tr ge ia asa bond der 506 


70 vole 


J Awe 4 AN 


pocentbat! 


feossan of Cl mace 


7, molecule I formed by two chlorine tos, 
‘The electronic configuration of Cis 


‘emt eats 
Cl #25" 2p 3e43p23p 3p, 


rao Cl alors have hall fled 3p, orbs. These oils 
vahmange bond (= bond between te Cl toms Re rl 


Dagernmaticaly, formation of Cl molecule canbe represented as 


amation of HF molecule 
HF molecule is formed by combination of hydrogen and fluorine atoms. 
‘The electronic configuaions ofF & H are 
oF 1s 24 2p,t2p 3 2p) 
Hit 


According to V.B. halffled 2p, orbital of F atom overiape with hailed 1s 
‘orbital of H to form 2 ¢ -bond and thos HF molecules formed. 


Diagrammatically, formation of HF molecule can be represented as 


pie eae 
ri @ se <p 
eens 1 

Io . fe " 

Tomation of O, molecule 

, molecule ts formed by combination of two oxygen alors 


The eleetronie configuration of O is 
10 Ast 24 2p,42p,!20! 


f.Abw i I} 


‘Two O atoms have halfiled 2p, & 2p, orbitals. 2p orbitals oF two O atoms oy 
nee Oe due ws 2p of wo O fom Ov 0 Bean 
ond. and one x~bond between tio aye 


Formation of My molecule 

TN: moleale is formed by combination of to trogen stom 

The electron configuration of Ns 

{IN 1e?2s2p,'25)!20! 

“Tio N atoms have hulled 2p, 2p & 2p, otal. 2p, omits of to N am 
velop bead on a ge a 6 - bond, wie two 2p orbitals and two 2p, orbs ol sek 
Sram ovetap to gue two x bond by parallel overlapping. 

Thus, ‘there is one o- bond and two n- bonds between two nitrogen ators it 
molec 

‘Diagrammatically, ommation of Ny molecule can be represented as 


‘QS. Explain VSEPH theory. Discuss the oiraclares of CH,, NH, ond HO an roe 
12 the theory end brzotion echemes? nee 


Poge 331 (VSEPR theory) and Page 340, 941 (hybrideation of CH Nes 40 


an NK Va 


molecules of NF, and BF, all have 
es 2 atractitrel Reaping tr Sore ofthe type XE, But they 

Sn a oe no a 
® 

‘Nfs, nitrogen i spybridued, There are four electron 

Csogen ato. Kfors tee cont bonds whee Roots see 
gitenen em orcmtnte metric © 
Bee it wil have a biangular pyramidal stucure tke NHy. However, bond 
tere NFa is 102%, which i less than that of NH e107 5* Hi becouse Fis \ 
ee secroeanine than N. Therefore, platy of NF bond pus te fone pt & 
iN dower Io the ncleus. Thus it exerts gear replsions on bond ce 
chores pain, hence bord ange 


‘hn BFy, B is sp" hybridized. It is surounded by three electron 


gas ll forms three covalent bonds with tee urine atoms. Thee 

ino kone pair on boron. Three electron pairs are present af 2 na 

taxinum angle of 120" from each other in ode to have minimum. {-B) 
roa 


‘mpubion between them and form trigonal planar geomety. Thus BF 


‘cleus tigonal planar with bond angle of 1207 we 


Woithe opecten Nig, Nil NH hove owt angen of 105%, 1075" ond 10.5" 
repectcey, dant thee slucs by droog ther etrostres 
= 
a NH,*, nitrogen is sp"-hybridized. I forms three covalent bonds and |, 
sve coxdinata covalent bond with ycogen aims, Thee f no lone pal ‘ 
eset on nitrogen atom. Hence, according to VSEPR theory, il have 
* regular tetrahedral structure with bond angle of 109.5°. 4 
Ms 
In Ny, itvogen ie ap"ybviie. I forms tre covalent bonds wah A. 
rogen atoms, There is also present a lone pair present on irogen NN 
Hence, according to VSEPR theory, it ‘will have @ triangular 
Pama sructure. Since lone palr exes more repens fm bond pain. GE 
face, the bond angle will be reduced rom 109.5°to 107.5 
ty, 
Tn Nt, nitrogen is sphybde. I foans to covalent bord wih | q@ 
Srdogen iow Shere ce abe present to ane pals on negen om 


com Omen Pet = eating, = 
wee maordng 0 VEEP Sry ite abet sce, Soe Se Pt ay im 
Sencar pts ice, bons ge wil esc Fs 18 3 ey on ‘Chemie Renter 


= 
ere a oy 
jaro tie pared dcront O," show, 1*6 Ne 
: Nay 
' 
6-0, Mg 


ape Same nl pan a A ee 
| har ned City Demme omen J Che PC may 
paces of comer me 


» 


a = ___| tax, there are Sitcen electrons in O,* ion. en 
: os Screens. | CRE te 
Le aS ato Le, tinea wun eo 
Blectote configuration of Oi 8. — A 
caheres : Berd Ondera 8=4 a 
stad hve ester ocean : y 
Oymelece 
(Oy has two onpeired electrons in 3°2P, 


and #92, bias. Due io these unpaired 
dectrons O, shows paramagnetic behaviour. 
‘Bectronie configuration of O molecule s 


t2p J <nyf2py)"=2,(2p,)*<n*(2p,)"= x*l2p,. oy oe eal 


i 


0) Sitch the molecular oval piers 
(itp) and (2p) Page 345 


Liquid 0,'s atracted towards the magnet. mu 0, OF, 0 qi 
(0), aad Ney 


348, MO dogo of Nei st ta Op Ony eden antgumion fen 


PE 2 1 BEBE ms mem A MM 


Cate hn Deo a Chart ———_— ___ = ‘henielBend 
: a Ee 
{by Shaveh she hybetd arbale af the apecter, PCI. BF SICl, and NH,’ Ge. Dating esa "ay. Explain the varlows parameters which datarmine Ta 


St 
Tn Pol, Ps apMtybridted, Phas four apt hybrid 


conta ta hues hod orbitals oveiap with p-orltls of 
fhvee chlorine atoms to form three covalent bonds, One 
yb orbital of P contsine tone pat Tht, PCy has a 
‘nigonal pyramidal geomety, 


ow do yu compare te bond ent of 


{9 Pole and Non-poler molecules 
Nompolar molecules are formed elther benween similar ators (e 

gonial voice (@g CCL). In Hy, the bond W pn-polr whe GCL! ind 

nds are polar. Generally, polar bonds are stronger than non-polar bonds. 


Polar molecules have unsymmetical structure. They always bonds 
bonds are stronger than non-polar bonds, musa bee erred ae 


(cand bonds 


Ii fomed. when two some cass ME fret where parts ore 
‘overimp wit thei axes ie x straight Hine. ‘their axes paraltel to each other, de 


se 

In Sy, Ss p?d!-hybridled. S has six ap'dt-hybrid orbitals. 
Its hybrid orbitals overlap with p-orbials of six flour ne atoms 
to form six covalent bonds. Thus, SF, has an octahedral 


Tie oelap of wom oa mar Ban IME Tie vein mom ois Ww oly ag 


é 
eA Wied ties slagernen sous ll boa bosimeronn 
i is ‘leased and the bond is song. si 
ih LRA Poko ied 


Inusimom wound te ne joing te two (RM above ible Be ne Jang wo mate 


ce 
Ting bond Torna Wena BB MAP Dd i od bewee esm wic| 
‘hich ce oy rey bonded eaieay bonded yest Dad 

_ Sia alg a id wee a ig tnd 
Bane Example 
In Ch thc i signa bond betwee to M8 Oy eae two ton een two oye 
iat sam te C=C. (erm toe niga doers pete O= 0" 


In Sle Si is spPporidized. 51 has four wp-hyiorid 
Corts is hybrid orbitals overtop with P-orbitals 
Sour chlorine atoms to form four covalent bonds. Thus, 
512 has etree geometry 


| Coleulate the bond energy of H-Br. The bond energy of H-H te 436 kmol! and thot of 
Me19S kimol eee) 
“The H -H bond energy 436 tol 

te H+ H—> Hy BH = -436bimol 


6.02 x 10% bonds have anergy = 436k) 
436 a 
1 bond wil ave eneray © Zap iga” 7242 10 


fo NH, Hs ag? tepridaed. Nhs four ut-hyrd orbitals. Its 
bye coct w seoalc otbydogen wom to or 

coxiest bends and one cxerdiante covalent bond, Thus, 
14" han tetrahedral ecm 


‘Celia Chater: Pad Lc J 
Since each hydrogen atom contoule equally, therefore, contribution g, 
hydrogen wil be 3621 x 10°F Wl Ct 
‘Simiaty, Br Bc bond energy is 153 kimol 
and for one bond It 32.05 x 10-* hd 
Thus, each Br ator vl contribute 16.08 x 10-** bd, 
Hence In case o H ~Br, bond energy must be 
36.28 « 10° +1603 x 10° = 5231 x 10-* bifmolecule 
Thus, for one mole it willbe 52.31 «10° x 6.02% 108 
14.90 km. 
‘Actual bond eneray of HBr is 366 kd/mol. This increase in bond ena, 
due to polar character of HBr bond, 


——————— 
(GUE. (@) Define dipole mataent. How does i help to Aind.out the shapes of mole 
‘Soe Section 6.5.4 


() The bond length of HBr te 14K 10m. he observed dipole moment le 0.790 Fad 
the percentage Jontc character of the bond. 


‘Unit positive change = 1.6022 X 10 C and 1D = 3.336 X 10 mC. 
Charge = 9 = 1.6022 %10-” C 
«Bond length = r= 1.4% 10-!%m 
ota = 0.79 D 
Hime? 
‘Bionic character= ? 
Mie 4X 


1.6022 x 10°" Cx 14x 10-*m 
= 2.243% 10° mC 
Since 1D = 3396 10-* mc 


Thus lone character = 979 109 = 11.75 % 


578 


cae 7 


Lz] ‘Ghent Bands 
9, BF, 1 @ polar molecular ‘ith diate moment 
FPA e pols mek 102 D and thas the PF bond lo 
St, being tn proximity of P inthe Period tblor tte oeted Weert 
fond would also be polar bet Sit, hor mo dpeie ean 
Explain why te i 20? : 


FFs have a tiangular pyramidal sbuctre. 


‘This structure is unsymmetrical. Thus n this sructue individual bond gr SEB 
tetera eo oak coe malas FN 


Gi Which of the following molecules wil be polar or nom pol 
end justty your answer. 

wea, 

In CCl, all C-C1 bonds are pola. CCl molecule has a regular cl 
tetahedral structure. This structure is symmebical It has uniform 
elecron density distribution. In this structure, individual bond moments “) 
‘ancl the eiact of each other. Therefore, is dipole moment is 20. 5-1 \ Sos" 
en CCly all Cl bonds are pol bat mou evra ren 4 


0 $0, 
Ih S0,, all S=O bonds are pola. $Os molecule has a bigonal 292, 
Dlrar soucture. This stucure ie smmescal. It has unitom 
density disribation. In tht stucure, indvadual bond 8 AC og 
aments cancel the feet of each other. Therefore, is dipie 30° 
oment is 270. Hence, in $03, all S=O bonds are polar but 
1s overall non-polar. 


for, 
JnNF;, all N-F bonds are polar. NF; molecule has @ trigonal planar 


k 
‘cure. This structure & not symmetrical. In this stucture, individual | --"\ 
ea ee rete ge sae OF LI 
$e moment Hence, in NFs, all NF bonds aze polar and molecule is Eb 


pola. 


ial Ta Aili if 


A 


(us Sein =a Shetty 


(80, 
In 50q, both S=O bonds are polar, SO, molecule has an z 


individual bond moments do not cancel the effect of each other. 
Therefore, it has dipole moment. Hence, 
are polar and molecule is also polar. 


AM 


HCN! 


Methyl amine | 
# 


Be 


> ete 


| Fe See 


| 
the 


“oat anglan of HO ond NH, re vos TO Tz rer 

(dom are op” hybridize. ‘hat of CH, Although O- and N- 

Gti, molecule has no lone pat and its stucture is terehedal wth bond angles 109.5" 
in NH one lone paris present which exerts repuions on bond pais ths the 

fend ange is reduced to 107°. In case of H,O, two lone pats are present which exert 

pore repulsion on bond pairs and tharefore, bond angles reduced to 108 5*. 


H n 


i 
sae 74 
AR 
i 


Gis: Explate the following: 


WW Bond dletance le the compromine dlatance betsees #xa stom. 
(Gurenoals Sar 2007 Sargodha Boor, 2010:D.G Khan Boar, 2011, 2012: Guranwala Boor, 2012, 


See Section 6.1.2 


Tal In many cones, tha distinction between « co-ordinate covalent bond and  covalat 
‘Bond sanlshes efter bond formation in NH,*, H,O” ond CH)NH,". (Lehore Goad at 
‘A co-ordinate cocalent bond te formed when both the shared electrons are donde! 

by one of the atoma. 

‘After bond foruation in many cases no distinction remains between co-ordinate covet 
bond and covalent bond. 


H 


ios rast 


i sBond are more diffased than obonds. 

{ere Board, 2068, 2012, D014: Bohsucpur Board, 2009: Mutan Boar, 2007, 2009, 2011: Srp 
{ead £009: Fatelabod Bord, 2007, 2010 1G Khe Boor, 2080: Giro Bord, 2010, 2012, 2014: 
Wen Hoon 2012; Rawapind Boor 2012: Reap Boor, 207, 2013) 

‘bond is formed by head on overlap of stomic orbitals of atoms. Therefore, electron 
ety is largely present between the muck. However, r-bond is formed by sideways 
‘retap of atomic orbitals. Therefor, electron densiy is largely present above and below the 
Hiae of nuclei, Hence n-bond is more diffused than ¢-bond. 


I Re eBay of Bd Tg ed bn erent oH ae prominent than ha of ICE 
& {Labore Boar, 2007 DG. Khar Board, 2011 Fess Board, 2012: Rawapnd Boord, 2012) 


nH-CY, the electronegativty dlference of H and Clis0.9. 

Wie nH, the elecronegaiydiferenc of Hand she han 9 sale 

Due to greater electronegativi difference in H-Cl, the partial changes on 
ahahco ecm fee 
$25 bond length and bond energy shows ate i dapected behaviou (abnormalities 

that of HI 


Jn H,0* on, experimentally it has been found that all bonds are equivalent. Ths 
's no distinction between co-ordinate covalent bond and covalent bond. 


jae 


(ch The ipohe mememss CD, and CB, ae ero, bet that of 80, te 1.810, 
(pea Nh, 20 hen Berd, 21, yp 


ee x 
tateins iW 
peo 0d of 
(es The wig en ng pot of desrodansompows ha, lnk spe 
gra cory hgh 20 sammpered with thooe of ccochans compendia, Why? 
ceed nie esanain tant timd It Sagat Hit, 
“ie worn comers os tha sees oy ateey atest Nowe A eivaetene + 
ne oh ecsegy ware rice Tones ences Veik mH wilh og. A veoe mma rete 
9 80 
ise 
ie conaene conmpountis ieecleciine foxes sue paosent in the lonn <A dipledipe 
ences wnt iA Aone ws. These Sones ace ent to baw: than iconic: toxces, Hence voaiet 
corngpnuctie cave iow mp eh OD as compece 80 Jonic compounds. 


oO 7% (6 9% (4 100% 
4, Tha guomater) A eta eet het, 81) 
i Tevahedesh (6) Vignal arate) amr (8) Usha 
4, Which cha te Les Ce AT tore 319; 
3 My ty MCE (6) Wo, a 
4 The rnlne of accra sete IF hac nme bed, 3680 
4 (oy 12 sé at 
5. The ecunt oh enangy tase by renoteg ecuon Soe ere Cl Koramade 
son 290) 
|) ioriennon ene) (ty econ ae; 
(6) decronegatens) (2) smcston energy 


6. Formation oA chemicsl bond tals places When (ators board, 281% 
(ah enesgy ts stosorbed 
(©) Sorces of repuision overcome focces attractor 
(ees of stration ave equa o foes of epson 
18) Sexces of sttraction overcome loves f reppisics 
7. Cadoon dioride and methane have dipcle moment vakue: *xgramens herd, 3000) 
(2) 2ec0 and 1.85 0 {o) 1.700 ond 1800 
(G) both have zero (4) none of these 
4. Noble gaes have maximum sob an least vesctviy because (ram hd, 308) 
(0) they are very sale (b) their valence shells are complete 
(el they ace gases. (4) they ase present in 2670 OUP 
9. Octet rue is not followed in the formation of: ahmadpr Beard #80; Faecabed Bea 211: 
‘Spemede ber 3809, 3912) 


(a) NF, Cr (6) Oh 16) PC, 
"ne ad co-ordinate covalent bond ae rset: pen ti? 

4) $0, £0) Gate 

UL Teter lc pe ema he peice: ome 0 
tomeen (by ntrogen {e) chlorine (4) ftvorine 
According a VSERP theory, the shape of Pa mele 

(0) Trgonal Pyramidal (b}Tetregonal (6) near (4) Tigonal Planar 


alan Semin: Pa, = 

13, Mg becomes Io electronic with Neon when ft (flten Sour 2011) 
(@) Looses one electron (0) Looses two electrons 
{€) Gaina one electron (4) Gains two electrons 

14. The radius of Na"? ton is Patpadt hoard, 2015) 


{a} 92 pm (bo) 93 pm (c) 4pm (a) 95 pm 
15, Bond order of OF is damp board 2013) 
(a) Zero {bh} One (ce) Two (d) Three 
16. The dipole moment of SO, is: aun oud £018) 
(a) 00D 012d =) 095D ~—d) 078 
117. Which one of the followings has the highest band order? (fatten Board, 2013) 
(a) OF w) oF (6) OF {a} oF 
18, The most stable elements are: Caters Bom, 2009) 
(a) Halogens (b) Lithium family (c) Noble gases (d) None of these 
19. The hybridization of Carbon in CH, is: ator Bor, 200) 
(al tt Cry (4) Not Hybridized 


20. The geometry of ethene is: Fannbed Hour. E002) 


(a) Tetrahedra! —(b) Trigonal Planar (c) Linear (d) V-shaped 
21. The value of dipole moment of CS; is (Bekeaaipur Board, 2009) 
(a) 0.12D {b) Zero (9 1.61D (4) 0.95, 
22. The property of Oxygen is well explained on the basis af ‘Sargodhe Boa, 
300912013) ss 
{a} VSERP theo (6) VBtheory —(@) MO theory (d) CF theory 
2, The bond order of Ny according to MO theory Is: (arate Boer, 208) 
(a) zero (bd tc) 2 (d) 3 
24. The four equivalent sp? hybrid orbitals in space are at an angle of: (0.6. Khon Baur 209 
fa) 120°C (b) 107.5°C (c) 104.5°C {d) 109.5°C 
25, Bond angle between H.-S H bond it dahre Boat 2010) 
(104s) 1075") 92" (a) 95" 
(26. S.1 unit of dipole moment is: (Lahore Boerd, 2010) 
(2) pm (b) Debye (e) me (4) all 
27. Which pair has trigonal planar geometry? (Felealabed Boord, 2010) 
{3} €O,,$0, fb) NH, PH, (e) BF, AIH (d) HO, Cats 


£28. The decrease in atomic radius is small when we travel from left to righ n ransiton 
elements. Sen t0 Zryy Yo 10 Cay due 10: (Fatal Boerd, 2010) . 
(2) valence electrons (b) intervening electrons 


Pa i\, 


(c) Shielding tect 
ofthe following compound has a 
9. Which a thas a coordinate covalent bond? ieryodhe Herd, 2010) 


(o) NHAC! (b) Nact fo Ho a) 
sa Thecabon som nC, oma tonto es 
(a) sp? hybrid (b) sp? hybridteed —{e)) ined id 
41. MOT was proposed by Gaadpin ome, 2010: D6, eas seine 
{o) Mosley (bo) Wemer —(c) Kessel ——(d) Mulikan's 
42. Which ofthe following molecule has a cocrdnele covalent bond. (2.0. Khan wd 2010) 
(a) NH (ail, (9 Hel @ NACL 
438, Tal umber of sigma bonds in ethyne {CH = CH) oe .0. Kew Berd 2010) 
(a) five (b) three {two (€) four 
44, The Sunt of dipole moment i (ators Bord 2011) 
(@) doule (0) Debye ——(€) Coulometer (4) Nam? 
15, Total number of bonds in CyH, molecule ore (Labre Boa, 201) 
(a) sie (0) Four (@ Five (6) Eight 
36, The most electronegative element is rehd oud 201) 
(am OF O (omy 
37. Dipole moment of CO, s: dare Bor 2007 
(84D (e)ZeoD ——(e}095D (a) 22D 
38. In 5% hybridization, the orbitals are cranted at an angle of: ator Baud 2007) 
(a) 109.5" (b) 120° fo 16° aor 
39, The geometry of BoC is etal oud 2007) 
(a) Linear (6) Planar trigonal (c) Tetrahedral (6) None of these 
40. The molecule which cannot for co-ordinate covalent bond with H” tons 
NH, (0) HO (0) Py a) Che 
41, VSEPR theory wns proposed by ‘Sapdh Boo, 214) 
(ohtenel” (yas eA Noibalmand Gllepie (0) Sidvick 


42.The shielding elect is responce fo: ae 
(a) The decrease in nuclear atratve infusnoe over the valence slecrons 
(0) The increase in nudar atrocv infuence over te valance Secwons 
{€) The decrease repulsion between Nucleus end Inner Eiesvons, 
(@) The increase in attraction between Nucleus and Inner | 


‘Ans 
© ) | 3 


| Se EI 


=a ‘Sema ender 
Compare the rads of chloride on with x poen com. Glue rectors. pena one 
‘say Interionic dlstonce? Explain with exomple (2 hn ta 201 


ie aon ac ee 


6 [ia | 7 | {8 [| 9 id) | 20. 
ne fae oe) | as ey ae) as 
16 [ta | 17 |e) | 18 | | 19 |) | 20 
21 |b) | 22 | | 28 | | 24 [| as 
26 @ | 27 | © | 28 | m | 29 |) {30 
su @)| sz | @ | 33] m) | 34 | © | 38 
36 @) | 87 | tm | 38 
a_[ @ [az To 


Detatled Explanation of Past Papers MCQs & 
answers to all Past Papers SHORT QUESTONS in 


COLLEGE CHEMISTRY OBJECTIVE BOOK-I 


ORT & LONG QU 


T PAPERS 


(OCTET RULE 


‘Short Questions 
(@) Explain Octet rule 
(2) What is octet rule? Why certain elements do not obey tt? (Bahasa Boerd, 2010) 


() what is octet rule? Give two examples of compounds which deviate it. (atta Boot 2416 
Lahore Boor. 2007, 2012: Multen Board 2012) 


(4) Write the Lewis structure of NH,OH und H,SO, (witen ard, 2012) 
(6) Write the Lewis structures of CS, and CCl, (Sanodhe Board, 2016) 


‘aOR ENERGY 


FE ciesion energy. Wht odor further 

1) Dene 70,208 ray potential? (Lahore 

infin onlin ener: vlusdecesedoun te gop ataugh ney dere 
Iereses.Fendabe Bard, 208 DG, Kh Ber, 208 and 209 01: Re 
ee Ste B01 Suis Bord 20: Omar Bome 210) Sg Wa 

1 ly tomato energy Increases frm leo Might in pero? (0, Kim Row, 307 
ein Boar 2009) 

tu Detne tonization eneraifpotental How does it vary for trend) in perdi table? 

‘eed 2001 Hts Hort 209, 2013, 2012 Sereda Ber 2010 Fated ome 

SGuTous,so1s0.6. Rin wa Po 012 Behaaar we 21 Lahr Boar 28, 210 

(6 Define ionization energy. Why second ontzation enesypotentil cf an element clays 
arecter thon fist fonction enerappotenia? datos Bom 10%: Saban Bod, 8: 
Sccciar Bond 2010) 

{6 Je lontion energy of Mg is lower thon its 2nd lanzation ener, Exponent 
Bons.t012) 

{7 Exlcin that lonzation eneray i the index of metlecharaer, 1.6 Ren Bow 208: 
Sep Berd. 2013) 

18 Orb nature also afet the lontation energy, Expl, (0.6 thn Bod. 2010 


ana Questions 
IW) Define ionization energy. Give factors upon which it depends How does it vary In 
perlodlc table? (ansptnd!Bosrd 2009: Mition Box, 2028) 


cmon AFARAY 


‘Sart Questions 

IB econ afin. Disc tet par ie vt tn at 8 OF 
low do electron affinity values vary in the periodic table? (Mlton zr 

(Why the fiat electron offnty for most of the ements = negate whl the socond 


‘ATOMIC RADIUS, IONIC RADIUS 


‘Shon Questions 
2) Define atomic rods, How does It ary in graups and periods? (Lahore Boed 209) 


(2) Why atomic radius cannot be measured accurately (or precisely)? (Sermedbe Bom 301% 
Gujarnacte Board, 2010, 2026) lojreaaled 


€2) Why tome rads icrenses down the groug? tab Boar 2007; Srna Be 


(4) Why tonte radius of « cation (postive lon) is smaller than its parent atom? (ators Bam 
200m: The ads of eaten i smal han clone rls bu thal ofan anion B= 
‘han ctomie rus. ate oor 201: Lato Sard, £010,201 te 

(5) Anionic radlus i olways larger than parent atom. Why? (Sangedne Board, 2007) 08 Whi! 
fontrodiss of CI"Ion creases from 99° pm 10.18) ‘pm? takare Boor 3019. 


clectron affinity for all the elements is positive, (0.6. Khan Baord, 2008 (Lahore Howrd,208: 
Scapa ano hy tsar cane i one # Peta? Mowers 
00 
(2 What factors influence the electron oft? fuiniehes Board 2012) 
tuonce the electron oft Sag? 
3 Deine clea fare Narn the adore afectng How does # voy i he prod 
‘table? (Lehore Board, 2013) 


ihn 


: sia si 

LY Daf) leronegaly (t eecron aft tenn Pa 2 aa omen 

8 elecronagaity? Give the name fms 
rie Boa 


MH, ond NF have diferent bond angles J 


bond ane 107.5" when NE, he bod nat ot ee M10 Onn te ’ 
ee tee tr 


: 
i 
i 
i 
i 
i 
[ 
j 
eV, 


VAINGE BOND THEORY, HYRRIDATIN 
[AXE Bonn THEORY, HrmmibizaTIN 
‘rt Quartione 


1) Write to points of Valence Bond Theory apm oo 2611) 
2 Sigma bonds are more sronger than pi bond. Why? Camipen Bows, 2077: 0.6. Ke 
ert 2007; eed Bar, 207 Cpe Bot 201) rt Bo, 011, 202.3010, OF 

oy Ret ond wher han Se be tome eve 07 
Define orbital hybridization and overlpping fotos Mandy owt 201) 

(81 The bond anigels of H,O and NH, are not 109 5 fke that of CH, otherigh oxygen and 
"ge oe oe wp ied at Bat a 2 
ein [2012 navapen Bout, 318 Vaan Bow 9818 08 
Bond angles of CHa NH and HO oe diferent though ol hove op! 
Pebrcation J ows 3010 

©: Donn bond eng wr 0) mde «mrs on noe 
‘oleculecthough both have tetrohedro!urucure (Orme 

8 Whet nee “ites poce moron wore mcecle? Comment on 
sede 

eee ond theory (VET) wth examples sowing the orapying of erent 


Orbital, 0, Khan Beard, $012) 


(5) Wire down tae pomtdates of VBEPR theory, tere m2 

Quan ord, 21 Ha Board 
pene Ef "ePdekon between electron pairs according 10. VSEPR-TI 

) Why the lone pats of elactrora on on atom occupy more space? (nanan bart 


" 


(2) What is orbital hybridization? Explain the structure of CH, on 
Iybridiation, (alah end, 2009: Lahore Beard 2014) 

(3) Define Hybridization, Classify it and discuss the stricture of ethene ( 
‘nybridieation) (num Board, 2010, 2011: Gvrenoale Board. 2011, 2013) 

(4) Define atomic orbital hybridization. With ts help how we can describe 
HO and NH? (Randpindt Boot. 2020) OR What is orbital hybridica 
Iybrdtsation with two examples. (Gxronle Boor, 3008: DG. Khon Roars, 


‘tani Rady 


the bast of gy 
(CHe = Cy gp 
the 


geomet, 
tion? Expln gf 
201. ae 


[B) Define bond order and wha is bond order of O}* ? tata Bo, 2013) 


(9, Wy MOT  suprice both VSEPR ond VET? tseyean tocar ony 


(at emoee 
(0) Explan the moleaior orb soucure of follssng molecules onthe bat of te MOT 


(8) O; (oxygen) Aaheve Bowd, 2013) 


on te basis of molecular orb! Ne? 


‘nature of oxygen 
mematen Rew. SOP: DL, Ka bead. Crane ne, MOREY OnE 


"¥ Give the molecular orbs configuetio. and 


1 Mie ant of ole rte hay and pan promearet rare of on 


‘RDLENGTH, BOND ENERGY 


‘Setuectone 
{) Wye double bond ts stronger than singe bond? ane Bone, som 
(Define (a) electronegaivity (b) bond enery 

8 Compare bond strenath of polar and nen polar bonds. (aman at 2016 Hates 


Mi Define bone! length and bond energy. (adel Bows 20073012: mye Bone 2012 
©) Define bond energy with neo parameters uhich determine &s strength, tapeoas som 


(egortions 
Dae bond energy. Dis tno facie efeing the bond ner are Bom 16 
Bice bond energy and expln the various prameiers which detrmine tren 
Bieler ond expin ath be he of «aoe epee eso on 
dlr ont vole. (amped Bow 210 


Rnoeer 
HetOsestons 

IT Hy the pole moment of CO, 20 and tof HO 1.850, tant Bont et 
2 Whe cle momentof CO on Sy #30 an eto S01 61D ate Bar 


y sin the of CO; 
een 
BF molecules, fakore Boor. 209) 


(2) Whot ls Dipole Moment? Give ts various units. How does it help to find out the spe, 
Molecules? Olan Bem. 2907 
(8) What i dipole moment. 


“Give ts unks. Explain the structure of CO; and HO on the bg 
cf cpole merrier. (aden hoard 207; Fleet Bord 2010) 
Dipole moment? What information does i provide. Explain wih exanp 


(6) Whot ts Dipole Moment? Give x various units Also give is significance? (Serpette Son, 


pon 20 Minutes Marke: 17 
ae Dering clinging. ig lan pect ol tino ade 
M40 qvetion be fous poste nee: Choes the cored snr and ceca, 


# 
toad, Meo jtiokeo (a) ven des Wat 

” ele, ml sr i cba rig Den 
fel chane (NH, (dene eee: 


flied) dow tevervaiow (none 
(16) Govt copounds ve she 

1) polar solvents [b]non-peler sen] [}concenate acide (bj all solvers 
fe eral cons 


tes, HO EP 
(st) The pouty fa coven bod depen pen 

(a) etre in tation veri foe ons 

(0 etree near ates of bended sos 


Gm) Wri fe aout me ‘eds 
ot femora 
(0h Wiha a etn emepced aaccrdnan cm 
oy WS ‘oa HG AG 
ont og 

‘muy Serempen (epg (0 re 

(Caton dean maha reve dts nore 

eae TODD (SSSR (enact tome 
The tioten, =. at 68 
BOC 10 Homes nd te ny TWENTY THO) eam. Wi ng oie te 


anne 
SEE F 

ae 

& shee ensrse to oy 

= ie 

Eee nana ee oedema eit 
Recrmccr carmen 

eer ti i 

‘Seer coms ae 

3 teagan 

Rete a a 

Melee} 

pare 

Socom 

eon meraie 

4 Rete tiae Cit arnt 

On ee, 

eat eee a 

Scere Et 

et ee mtr a 

he tteret re 

ieee serene 


{sl Why some eda er not m meer eons? 
(3) Hou ammona melee ame coos sect ond? 
(28 Of ibid eeaba nlance of eran cetane Hou? 
A Atee 2 Spt en ci 
(0. Lene set elachons coupe more ac than bond pic Wi? 
(i) Wat bond rer end ws Wcnoted? 
(i) How does bond lng depand on bite? 
poke Wy? 
88 


{5 Dn eon tiny, How dow ey a ped 
{9 Wham ond wer ne ole 
QS. (01 What co-ordinate covnlent bond? Give wxampie, sar 
rien fw 10" eta dle mapa 0780 
Pa cel ere tere ern 
P (then sear sen stan ny 
{0 How the bonding in the lowing molec sa 
Bynes 


{at Wy dion fre! evens uth ent cago cer wh ih clacion as? 


ha pter 7 


Wy heat te evolved or absorbed tn a chemicdl reaction? 
{Daten chemical reacton, bond brealing ad maling takes place 


* ke chemical reaction, eneng) raquted to break bonds not equal to the energy evotved 
‘or ton making. Dilerent ‘eal eneray of 


(On the basis of absorption or evolution of beat, reactons are casséed 
8 Exothermic rections 


y 


(Cat 0my = COmy AH = -398.7 tm 
(Hag Ong HO) ~ 285.58 kdmal 
(ii) "Nag. 3Hyy + QNHyy = AH= 41.6 mol 
ES 
The reactions tn which heat i absorbed are lnotm at endethermte reactions, 
ln such reactors 
ages eee eg Smid wea Ths aid mn 
tus co te 
temperature from sounding and temperature oat, 
toroom temperture 
‘The absorbed beat of reactions indie by postive dan. 
‘Examples: 
Haug + baw ~ 2Hly AH= +5296 Kimo! 
Na+ Ong + 2NOy He 418051 kt 


Difference between Evothernie and Endolhernile reactions. 
sed Pe 


Lnndetheraie Reverie 
The reactions in which heat 

Ths recto in which heats evoed fi a] 

are hnou as exothemae reacone absorbed are known as endoth 


reactions. 
fee, total eney of he product Tn these oll charpy al he policy 
Joa than that of reactant. 


‘more than that of reactant. 
te ese femperature ft ie ten al BM nites eal en 
{o room temperatire to room temperature 


ie heat absorbed le indleated © 


Neo + Oup > 2NOw 
His 4180.51 laf 


Ny 
"hen 


1. Weter flows from higher levl to lower evel 
2, Neutalzaion ofa strong acid witha strong bere 
NoOHy + HClay —> NaC + Hi0y 
3, Resetion of Zn with CuSO, solution 
Zig + CUSOdg — ZrSO uy + Cy 
nis reaction, blue colour of CuSO, solution deapoenrs due to mds reaction, 


‘restarted they go on by itself unt eomplete. 


3. Buming of coal and hydrocarbons ina. 
I Ceatdoes not react with Both N, and O, ae presen in tcmowphere. But they da 

ile nt, This teacton tates place, when energy i proved by Ighmingey to 
{2tt, This reaction Is sted bya spark, whan coal stars buming ther recto 
!2completion by ise 


Aprocess 


ch does not take lacs on ite own Us called a now-tpontenaoue process, 


Pumping of water uphl 
41 aie of heat rom col ineor pst of gett the hat. surroundings, 

°n of N with Oy to form NO. 
Many —'2Nog 
2 N and Or are present in atmosphere. But they do not react. This reaction takes 
‘*neray Is provided by lightning bolt. 


Teumeceni 


ace it diy 
Se eal al cerns eats 
yermic reactions, which are spontaneous, a 


0, —? HOw aH = 44 bd/mol 

NHiCly —PNHetiay + Clg GH 15.1 mol 
Hence energy change is na a eieron fr spontanelty of rection. 
Sportonety of reaction Is actually judged by the fee eneray change In terms of ent 
system 


‘Experience shows that spontaneous 
is wanstered to the surounding, Thus it 
spontaneous. However, there are many endoth 


'A process which takes place on its own 
without extemal help and move from 
‘non-equilibrium state to equilbrium state 
‘scaled 9 spontaneous or natal 

THis a natural real process 


‘A process which does not take pa 
fn its ov is called a non-spontaens 
Process 


TWuisialy does not occur innate 
‘Some non-spontaneous procese: 
‘be made spontaneous by contin) 
supply of energy from extemal suse 
Example: 

() Pumping of water uphill 

U)Ngg + Ong > 2NOy 


ATE FUNCTION 


His unidirectional and ireversible proces. 


Bape 
(0) Weler flows fom higher eel to lwer eel 
NaOH + HCI NaCl + H,0 


SUIRROUN 


ANI 


‘Any real or lmoginory part ofthe unloeree thet fe under study ts eolled 
otem. 


A chemical yen uly a vbstanceundeing a chemi change 
‘Everything he I ot part ofthe ayten ected eurounding 


Pe 
Imeghary sujace separating the ystem from 


The real or 
‘surrounding te called boundary, 


Men experimental work, a mpecic amount of one or more subsancesfoms asst 
4,1 role of Opin 2 jade fited wh pont a'ystem The ponte poder 
$3 al other objects outside ender are suouncings Ee 
Wer contained (1 cup isa tem andthe cu, a aound andthe table on 
thigh tis present re all sumounding. 

reaction between Zn and CuSO, shiton i taking place ina flask as shown in 
fr, the conten of fask's jt whe ask and i oound i sunounding 


Te canton ofa sytem scaled ciate 

ena proces occurs, the sate of stem charged 
Epoaton 

Consider a water system at a given T and V. Thi iii condiion of uatris calle intial 
saz Now f water fs Heated in @Seaer, 8 conditon sl be changed. The final coniton of 
fhesusiem is called final state. 

‘Acompaton of finland ita sate tes us about the change taking plac na system 
Examples 

tT; and Ty ave the temperatures a inland false ofthe waler sem then 
‘change in temperature (change In state) will be 

ata Tt 


Sma 


Kets a macroscopte property af syetem which has defete valees for fntial and final 
“Ata and te independent ofthe path through whlch change take place. 
Conventionally capital letters are used to represent a state function. 


2xinple: Volume (V), Temperature (7), Enthalpy (H) ntemal Energy (E) et, 


Let nite volume of gas sys volume canbe changed to Va by chaning temperature 
ire, The change in volume is given by 
AVEV-Vy 
This change cen be brought about by changing pressure or temperature 
Vie stale funtion hefoe 8-6 indenendent of the path housh which 
(be by changing oP) 


ears 
Se ae 
ae 
Re siecdivnladieangy A Rgan, 
ant 
TE ila aceie cig 
ee q 
“7. 
ms £8, Go 
ee 
>) Potential Energy: 


leis due to binding forces between the particles. It Inchides intramolecular forces such 
‘covalent bond and intermolecular forces such as van dor Waals foress 
Facts 
‘+ Inermal eneray i a state function Le, it depends only on the ‘ital and final state ofs 
sytem and noton the path trough which change thes place. 
‘+ The intemal energy of @ system cannot be determined. Only changes in internal enewh 
denoted by AE, can be determined 
le, AESE,-E, 
LPT EN SYSTES AND i 
WORK AND HEAT 


jhen @ system undergoes a change, energy is transfered into or out of the system int 
fundamental ways Le; heat and work, 


OUNDINGS: 


Work ta form of energy and te defined as 
‘Work = Force x Distance 
uf Sota byw. It nt the propery of system, Hence, itis path function #94 
ineton 


the product of force and distance. 


unt works Lule 
Other units og 
Yerg= 1077 J 
‘There are many types of work 


dhe work 
Inchmisy mas conten tie of wr presume wrk 
Conse the reaion betsen CaCOy and HCl soon 
aati voli fr Vana cnet ese Soh 
igenty 
. we -PAV 
vee, P= Exemal pres, 


fig, The 00, produced 
1 Pressure-volume work 


Ca00,+ 281 —+ can +.60,4 #40 


da 3 oamy of energy that lcs coats the boundary of peter ding «change 
“"t. de tothe diferene nT betouenpetem and someone 
denoted by q. 


"Staldhonopeyof sata. Hence, its path non, no ste kno, 
“emomnton for 
(teiled by the system susie ie. +9 
east by the som spear te. 
wate 
on ‘unit of heat is joule (J). 
Units calorie eal, 
les 4.1g4 


_ 


Fy cia het ew of thermodynamics? How does explain that) 2.% AE (i) qe 
le) Whats the frst low of nero yrs Hoe oes ESET OS ALG BE ox ay 


of 2 system to the our of is tntermal energy and 


done (00. Ie repreaanta the total hect content of aapaten, es roast 9 Draawure ond 


af Rerocerie 
‘The law of conservation of energy s also called the frst law of stole, Mathematically 
Panipat erecrepnnpa perme cir estan rl BM sty 
ae 


(OR The anergy of the system and surrounding ls conserved. 


Explanation 
‘A ase cannot desoy of cree eneay, However, i can exchange enery uh a 
suroundings nthe for of het and ver freien 
Cone gas encod ina inde having pio, I some het‘ ode oa ya 
{ome work wt done oni then internal nergy changed rom Ey to'Ey The ery 
change equal tthe sum of both ea! & work so that total energy of the gure t 


‘constant presgure, when heats supplied to the sytem, a part this heat is used to 
‘mse the intemal energy ofa msiem and a part used todo PLV work The eabagy' 
tse o represent the change in state ofthe system, 


‘nthaio is also called total heat conten! ofthe sustem, 


Properties 


surroundings remains constant. Hence, the mathematical form of first law of thermodynamics + hbbraroary 
sea ee Pe ie ca spans iadeengkiy 
wane SS. | tae 
pater 1 ocumeet 
w = work done on the system, Il HeEsPy 
i i“ 
‘Sign Conosntions ‘Expanwcn wore Change in enthalpy is given by 
‘SE ls negative when system loses enemy Le. - AE ated 4H= 4E+ a (Py) 
sEnroinewieromeomeen) le SE RRS eae 
pep aaleaphaygesl minis 


‘Atconstant pressure, AP = 0 
Work done by the syste is negative Le; — w 


Heat gained by the system is postive Le; + @ 
Heat lost by the sytem isnegative Le; - q 


SH» aE+PaV__() 
‘According oft law of hemodynamics a constant P 


AEag +w 
Pras Vi CVS At Vi 4 Since w= -Pay 
‘At constant volume, let the heat supplied to the system is ‘a,’ then fist lm AE=q-PAV__(2) 
thermodynamics can be writen as Pate () neg (1) 
SE age w SH=q-Pave Pay 
Sine w=-P av aHeg 
AE =g-P AV 


" Umeors tht heat exchanged at cont! pressure used 1 change the enay of 


* (ctf the chem reaclans re carted out conan resire,teeiore, AH more 
‘nPortant than AE fora chemi, 


Since volume is constant, thereto, AV = 0 
Thus AE=q, 


4 
+ Kmeans thal heat exchanged at constant volume is used to change the internal ee 
{the system and no work is done. a ne 


Te sum of the intemal energy and ne 
product of presure and volume (PV) 
the gate, 

Ts sum of the feral energy and Te 
product of pressure and volume (PV) 
the ater. 

Mathemasealy, i's given o 
HeE+PV. 

Ris denoted by FF 


Teste total energy of the system. 


It the sur of ll types of kinetic 
and potential energies ofa sytem. 
Werenavenly, Ws Gen ar 
EeKE+ PE 

Hs denoted by 


Fnerctee 070) 
How wil you differentiate between AE and AH? Is it true that AH and AE have the sane 
Walues forthe reactions taking place in the sahition state 

‘AH isthe heat change at constant pressure (Enthalpy Change) and 

‘AE is the heat change at constant volume (Intemal Energy Change) 


Ditference between internal eneray change and enthalpy change 
Internal eee Chae WIL 
The amount of heat evoked or 
tbyovbed_at consant volume is 
called intemal energy change 
a= AE) 


Enthaly Change AH) 
“The amount of heat evolved or absorbed 
8 conslant pressure ie called enthay 
change, 


(qumat) 
Matheretizaly, 
aH = a6 + Pav 

Is doncied by AE Mis denoted by aT 


PAT? 
‘Change in Enthalyy is given by 
4H = AE+ Pav 


q 
For reactions inept onl sol and quid, o n solution state the change in vol 


Hence 
Thus aH and 


He ae 
‘AE have same values for reactions taking pece in solution slate 


tenga phystcal state of @ ubrtance at 25°C (298K) and I atm pressure ls known 


| 
Taos of Hg ond 1 mola of Oyo 10°C and 1 
se eg Osa IC od tem rt rete 
ef occu te id 17M Bor 218 tantra ty 
FE oe) BH) AE ere pmecn lene not of r0 
‘erection is 

PHay + Oy = —> 20 
seve hat exeved i or tuo moles of Fd, 
‘aon Pw be 


qp=4H= 


therefore, heat evolved for one mole at 


HS - (aie —)_y 


An=No, of moles of product - No. of moles of reactants 


4ne2 - 3a 
Te 100°C +273 = 373K 
P= 1atm 


R= 8314) mo"K+ 
Sue AH = 4E + PAV 


o VAPSPAV = AnkT 
Shee P= constant, therefore AP = 0 
PAV = AnRT 
= -1x 8314 x 373 


= 31004 
wPav = “31g 


‘mount ls for 2 moles of HiO,e, therefore, for one mole we have 
Pay = <8. 1 sso) 
Paue of 4H from og (1) and vlueof PA Vo aa (3 in 9 (2), we get 
4E= OH-PaV a 
GE = 242.25 41,55) =|200.7 eiimol |] 


mes 


& 
| 


Tt tal of the submance car 
Mandard state of ‘CO, is gas 
Tedd ate of HO k quid 
‘Standard state of Fe is solid. 


as Dc De ing epson go to expen of each 
Farce 0 0) Define es con 
{i Standard enthapy of combustion 
(i Stondard enthalpy of atomization 
ti) Standard enthalpy of shiton 


fiom) 
nronmard enthlpy change which coaure whan the nurber of moles of recy 
Th ame ny chr ol os he a lca 
tinder nenderd conditions. 
‘Ale watats and products aren their standard physical tates. 
«+ In giibermic reactions enhaly of aradust is less than enthaloy of reactant Hen 
healis evolved and AH? is negative. 69 
Cart Ong —e COuy AH 3937 Kin 


abtorbed and aH? is posive 
Niet Ong —b2N0y 
Hes 1805 


is) 


The change of enthalpy when I mole of the compound la formed from ita element 
standard siate ts knoten ax etandard enthalpy of formation of the compound. 


Examples: 
Many +% Ory —> May HY = - 692 kfm. 
Cut Ory —> Org Ht = ~398.7 kilmol 


—_— —T] 
Ma) 
‘Toe enthalpy chonge when one mole af gaseous coms are formed from th 
sndareandard condone le called standendentncl of tericcon ofan were 
Example 


‘Hie —> Hy ani = 218 kaimol 
Enthelpis of atomization can be detemined by various methods. 


pacman = <p me 
a, 


pe heat of newralizction, When a dite solution ofa strong acid neutralized by ite 


a) 


crane iit ertind vie heel Waele TIFT, Ga wwe 
Meet oith one mate of droite ima { OMS Poms w bas to oa ee 
ceed ehriey a seman, 


‘The enthalpy of neutralization of NaOH with HClis—57.4 klimat 
NaOH + HCI>NaCl+H,0 ant = ~ 574 kd/mal 


1 Bhihalpy of neutraltzation of a strong acid with trong base ls aheays approximately 
cematant Le. ~ 57.4 kdimol 


xample: 
Helisaerong aid and NoOH a sng base 
‘Both jonizes in water completely 
Helq <P Hag + Cog 
NaCHeg Na'go + Fay 
On milking these solutions, H® and OF ons react together to form water ane hea is 
‘nied, While Na* and Cl- ions are set free in such solution. 


Natag + OF ig + HY + Chg? 10+ Nag + Clg 
Hag + OH uqy—> 1.0 AH; = - 57.4 ki/mol 
amount ofa song acds produce same amount of H fons in soltton, Ao 
‘Stivalait amounts of all strong bases produce same amount of OH" ions in solution. 
oxi! he nel eae s beeen Hand OH ins, 3, he het of neutaleaton by 
3 cd wth strong base says constant (57.4 kn. 


or 


) 
The 
calb® enthalpy change when one male of « substance te completely burnt tm excere of 
EP Under weandonl condions sealed standart wntblpy ef combuation of 8 


= 


Ory + 30m 26Oyy + SHAOp Att -236BKdmol 


1. Enthaipy of solution of NH,Ctis+16.2klimol. 
uring tis heat i absorbed from surounding and solvent Is cooked ia 
endothermic process, 

2, Enthlpy of slut of NC, 1-25 kino 
During this nell leased and tempera ofthe gulvent rae It isan xb 
process, 


Exothermic and endothermic resctions can be Kentified by noting the temperature chang. 
For accurate measurement of 4H, calorimeter are used. 
‘Two types of calorimeters are generally used 
1. Glas calorimeter 


2. Bomb calorimeter 
- rene the Toone amo 

How SH can be determined by using lass | ramenceby one tao, 

Calorimeter? aad Bor, 2009 icone 


E = 

‘consists of an ordinary aass, which is insulated from 
‘the suroundings by cotton wool as shown in the fig. It is 
Provided wit 9 rer and a themometer for noting T 
change. 


Swiclomelte amounts of substances’ are placed in sot 
‘calorimeter. When reaction stars, heat i elther evolved or absorbed and thus T Sew’ 
‘The T of the system is noted before 1e chemical Ths. 
veh dre a nee ca 
| mags of reactants is “m” and specif heat of seca 
: le heat of reaction mbxtre Is“: 
heat “q" ‘evolved or absorbed is determined by the ea, 


Qemxsx aT 


+ Volume of acid or base used 
Ina temperature 
Final temperature 
Rise in temperature 
Specific heat of water 


Since density of solution (water) gem? 
“Total volume of solution = V= 100 em® + 100 cm! = 200 em? 
So, mass solution = m=dxV 
= 1% 200 = 200g 
> Thus, heat evolved ks given by 
@ = mxex aT 
2 = 200 x 42 x 35 = 29401 = 2.94) 
oF = -2 9410 (exothermic reaction) 
~ Since Molariy of acid or base used = M = 0.5 M, therfore 
1000 cm? of solution contain HCI = 0 moles 
: 95100 0.05 moles 
100 em of solution contain ICI = 59100. 0.05 mol 
+ Hence 


9.05 moles of HCl react wit 0.05 moles of NCH. 
‘Thus heat of neutralization is given by 
005 moles of HC! produce heat =~ 261d 


294 
1 mole luce heat - 27% = imal 
mole of HCl produce heat = - 29% = 58.5 Binal 


Hence heat of neutralization = 4H ~|=888 ki/mel | 


= 


aupll uted for accurate determinstion of heal of combustion of food. fuel and otner 


Contraction 
+R consis of a 

tpomb | ned wth mamel fo prevent comosion 7S 

‘nd a screw valve atthe top. es _ 
+ A platinum crucible ts present inside stel bomb, 
There's also present an ne 
The bomb simmered in a noun mast of H_O 

In an ingles calormater as shown In fg, The — 

temperature is measured with a thermometer. 2 — 
Pas va rm 


* A lnown mats (about one am} ofthe tet sulin io CATE 
Placed on 0 platinum crucible. The Id ts closed and 
‘onygen is supplied inside un ts pressure is 20_atm. The calorimeter fs immenelia 
Kogan mast of unter The inal temperature of water is noted. The substance i tha 
‘nted electrically by igrtion col 
The water is sted and its temperature is noted continuously after every 30 sez Te 
‘maximum temperature is nol fom thermometer. 
‘+The diference of iia and final iemperature gives the change in temperature (ie: 
Catetatona 
+ number of moles of & substance bum! is ‘m! and specific heat of whole ast 
(calorimeter ete} i's in kd Kl", then heat evolved or absorbed ‘a’ is determina ls 
the formula. 
a=mxsx aT 
‘The heat capacity 'c' of a system isthe product of mass and specilic heat and is defined = 
* The quontty of heat requted 0 change ie tempernture by IK." 
Thus qsex aT 


= 
sath 
10.16 g of graphite ts burnt in a bomb calorimeter and the T rise recordad f# 


catcualte enthalpy of combustion of te se (400 
tbotar ee) ta BE 02 Ka Fete oPhite Uf the apactic heat of the calor 


se Mass of graghte = 10.16g 
‘omic mass of graphite = 12.3 


‘Moles of graphite = m =. 


Heatcopacty = © = 8602 idK-! 
Rie in temperatures AT © 3.87 


= 0.843 moles 


12 


Heat evolved during combustion i gen by 
mex AT 
4 = 86.02 « 3.87 = 332.99) 


‘Since 
(0.843 moles of graphite produce heat = 332.89 kJ 


mole of graphite produce heat = 292.89 365 img) 


0843 


+ Sines reaction is exothermic, therefore, heat of combustion of graphite will be negative 
a, SH? =(=895 td/mo! | 


Tara O11. ee 
{)Defne and explain Hess's law of constant heat summation. Explain & with examples and 

‘heb opptcaton j 
(i) Hess's law helps us to calculate the heats of those reactions, which cannot be normally 


{leona laboratory Exin 
TAN OF CONSTANT HAT SUSIRTATION 
GH. Hes experimental dscovere tn 140, 
teats A 
Ue chica reaction taken plce by diferent wae th net ena change i same 


ara ofthe route by which the chertal change occur, proetdad he lle and lal 
are the same, 


“The net amount of heat evolved or chworbed in a process, including @ chemical 
10 the eame whether the process takes place In one step or in onveral steps 


Selection 
Cenier a process occuring as hou nthe owe 
tically from figure bu, 
‘OH, + AH, + AH, = dH, 
Thus if system retums ta ts inital slate In a eyelle ‘omit 
we can te 


Latics #0 


NaHCO, + NaOH ——*NoCOs + H,0 AH, = -41.02 kl mol 


‘According to Hess's law 
AH, = AH + AH, 
89.08 = ~48,06-41.02 
$9.08 = -89.08 
Hence Hess's law Is proved 


IMPORTANCE AND APPLICATIONS 


‘The are srvoral rocesie for which 4 H cannot be determined directv. These ae 
(“Hf of AAO, and B,0, cannot be determined. It is because, 2 protective layer i pres 
‘over the surface of element that rsist in comolete buming, 
(i) The compound CC, cannot be prepered directly from craphlte and chlorine, Mor 
CCl, ial not easly decomposed into Is consuent elements 


(Wi) 4H of CO cannot be measured directly due o production of CO, along with 
Fr such reaction heat of reaction ls detemnined indirectly by using Hess's law 


Example: Materminction of AH? for CO) 
SHT of CO cannot be measured directly due to production of CO, along with! 
be determined in folowing ways 


ene 


Combustion of carbon can occu in tw: 
msn t40 way, 
isto 
‘When Cs bumed in excess of O, it i directly converted Into COs. 
Co + Org ——* 0g BH, = 390.7) mol 


‘When C is burned in limited supply of oxygen CO is formed. 


‘This OO on further oxidation gives CO, 

y+ Ong COy ak, 

Cpt h Ow Op AHy=-283 is mol“ 
According to Hess law 


AH= OH, +44 
or AH = 4H, ~4H 
‘AH, = -398.7 -(~283) 
4H, = 110.7 1d mol? 
Hence heat of formation of CO is -110.7 kd mal! 


we 
What ts ltice energy? How does Born-Haber cycle help to calculate the lattice energy of 
Nar 


ilies Energy 


“The amount af energy released when gaseous tons of opposita cherges, combine to 
‘00 one mole of a eryataine fonte compound.” 


Ecample: 
Nat +Chy + NaCly 
BoroHaber Cycle 
Wishesed on the principle that 


The sum of energy changes for a closed opelie process ts xero, ifthe Inlill and fino! 


Bom-Haber cycle ts used to determine latice energy of ionic enetals. Latice energy 
S2Mot be determined directly, Its determined by «cased Born Hober cycle 


‘Sie! (Datermsiction of atic every NACH 
ForNaC, a closed Bom-Haber cyte can be drawn as shown in igure, Thus, aceording to 
esta, 


‘SH=-787 id mole“* 


cr 


se vaca ES cnarpecky 


SHT= AH +aH, 
OF AMG abit AF, 11) 


Thus AH and dH, ae known, than 6 Hy canbe calcul 
AH? of NaCl can be meesured ina calorimeter and Is value Is - 411 kd mot! 
HPs 411d mol _(2) 
‘HL canbe calculated as flow 
The overall process 
Newt Ch ——> Ney + Cy OH. =? 
This proces involves flloulng sep 
1. Atomistion of Nay 9 Ney. 
EEneray required for this procass ‘determined from values of its heat of fusion, heat! 
vepodinton and speci heat capacty. 
Nay = ——> Nog, Ha = 108K mol" 
2, Commeaion of Noy to Noy Jon. 
This ets ionization energy of Ney ich can be detained by spectroscopy. 
Noy —> Naty te- SH) = 496 kd mol-* 
3. Atomizstion of Cy £0 Cl. 
Energy regi fortis proces is determine by spectrescopy 
Ong —> Cy Afte= 121 kd mol"? 
4. Conmerion of Clg 1 Oly, 
‘This process isthe electron affinity of Cts value cén also be determined experiment 
gre —> Oy AH, -349kJ mol 
Hence 
‘GH, = 6Ha (Na) + AH, (Na) +4Ha (Ch) + AH(Na) 
aH= 108 + 495 + 1 349 
AH= 376 Wmel*_(3) 
Putvalues of GH, fom oq (3) nd AHF from eq (2) in eq (2), we get 
Abita = 4H? ~AH, 
Fe =~ 411 - (376°) =—787 iJ mol“* 
Hence, lattice energy of NaCl is -787 kJ mol *, jon 
NaCl cual Latice evenjes are wed to explain ruc, bonding and proper 


‘The complete Born-Haber cle for NaCl is shown inthe i 


Hh Na 4960 mor 
Na+ Chy 

fat, Nag = + 1081 mot! 
Nan # #4 Chay 

a Cig= SAT mot 


as Na Chg 


pw a 


Nemes oe oi 


De ee cet le le ey el ee 


—< ee 


—saie 
een agp (tee of mtbimaton 
dom emp of) mma eneng. ange 


meee 2a. EE! Ce 03sec 3) 


(0 ch ot te Sationing tment 2 canter to the int kaw of thermodnecnica? 
(a) Enq car nettherhe cramte’ nor destroyed 


(tb) Ome form of energy con'be tansiened: into an equivalent amount of other hinds 


meg 


(st) Far © gin proce, the heat changes at constant pressure (q,) and at constttt 


ohms (qr slated tw anch other oo 

wgea baa (ara (di q=a2 
(ert. 00,28 (Serpe Ben 2 SS sere bar 20) Capri bor, 8: 
(i) Few the snction NaOH + HCI—> NeCt + 1,0 the change tn enthalpy le called 


‘Cremona art 39) 


(e) Hem's iw 
mcmama 0 ete Ba B08 spe nn, 203) 


foe Tae cee ie eee eg af = cl meection af comm Sempre ont 


Emenee nth aoe wt sceyag at |e Serge ee eee 
ioe aro =f eee aeep Cs wom | ee ak oe 

bene amas wie 8 apne tw im | Sec armen pen 6g by 
Senmor se Perce 


Bae gS er tae «5 wr aren i 


See ony Ro ed baw aie nan wom Tha 0 en eee a 
sie es pace aman cnt Deng ceo nd mag bom 
{tl mcm tes pt beeen Had es Hee by of tana © met 
Sungate enter fae eS EN mar 


82 Puta te Gans with outable words. 
{0 The substance undergoing & posal & chemical change forms chemical 


(i) The change in intemal eneray __ be measured 
(8) Solid which have more than one Gystaline forms possess__values of heats 


of formaton. 

|W) A process 6 caed if it takes place on 1 own wihout-any cutie 
autiance 

0 sw macroscopic propery of 8 sem uhich _ of the path 


ed to bring sbout tht chang \ 


tol sate nen 


(19 can 4 aorent te apontene 


3 Indicate th true o flee a the case may be. 


ce eee 
ine one 
fone epee 

i esc darter 
Cos, 


‘G4. Define tha following terme and gioe three examples of each, 


(©) Spetem Solved on Poge 392 
(1) Surroundings Solved on Page 392 
(IU) State fumetton Solved on Page 393 


(0) Unita of energy 
(W) Exothermtc reactions Solved on Page 389 
(WA) Endothermtc reactions Solved en Poge 390 
(il) internal Energy ofthe systame Solved on Page 394 
(Al) Exthatpy ofthe ayater Solved on Poge 397 


Solued on Page 395 


‘Q5. (a) Diferensate between the following 
(  Intemal energy and Enthaley ‘Solved on Page 398 
(0) Internal energy change and Enthalpy change  Soled on Poge 398 
{il) Exothermic and Endotharmle reaotions -__ Sobed on Page 390 


{@) Define the Jotlowing enthalples and gine txo examples of cock 
(Standard enthalpy of reection " 
(1) Standard enthalpy of combustion, 
(i) Standord enthalpy of atomization 
(te) Standard enthalpy of solution 
Solved on Page 400 = 


QS. (a) What are spontaneous and nor-spontantous processes? Glos examples 
“Soloed on Poge S91 


(@) Explain thet burning af candle loa apondane 
{har Bow 207 Suede Board 2010 2011 Gurus Base 2080.0. Ken Berd 2 
Kar Bow, 201 Rasa Sood 2012 Mater Boad MIB = 


2 get 
sarin of candles sponlanaous proces It equires a sll put of en) OR 


This teacton i stared by 8 m 808 
tonya oe 2, 2a. When cand sans buming te 


ed 


Ti on thal «ro apenas pacar 
ia Waid Bord 10 Be pa 
og Honspontreowe prom mae bec 


dene by using pump and supplying energy. 


Im) Some processes may occur in nature under specitic conditions. 9, consider the 


lowing reaction 
Np+0;-> 2NO 


Both Nz and Oz are present in atmosphere, But they do not react. This reaction takes 


shez, ven energy is provided by lighting bot 


1 (@) What te the fret law of thermodmamica? How docs W explain thot 
Muze i anat 


Sted on Page 396 


(How wil you differentiate between BE and AH? te rue that SHand SE have the 


‘szaalues for the reccttons taking place inthe solution tate. 


ied on Page 398 


8. (0) What ts the diference between hea! and temperature? Write @ mathematica 
relattonahip betseen these two parameters. 


~ ‘Difference between Heat and Temperature 


TL the quent of energy fas bat 
ws across the boundey of stem 
Due to T diference bi sstem and 
surouning 


Ih the measure of average KE, of 
parices ofa subsance. 


Tedoes not pend upon the amount af 


Ni cepends ypon the amount of 
beace. 


Substance. 


1S nt the propeny of © an 
stem, a 


Feat tow Trem hot body col 
ie iy 


Insthe propery ofa given syst, 


| Temparture difernce causes the fw | 
of hea 


Heise ate fnetion. 


Nisa path function, 


Ne commonly determined by 


Ii determined by thermometer 
‘lorimeter. 


a= ae 


() How do you mesoure the h 
‘Solved en Pope 403, 


G_Detne fom of neutrltzaton. When a auie schiion of @ vtvong wily 
% Mecoaltcd bys Ute aollen fs arong bate, the hot of neceriaaatd 
ound 10 be nearly the same in all the canes, Hou do you account for tha? 


“Solved on Poge 407 


QO.” (0) State the laws of thermochemletry and show how are they based on ti Ra 
ous of es. 


‘The hect of formation of a compound le aleays equal to tt heat of decomposttonts 
‘with opposie sign. : 
Example 
Heat of formation of CO, Is 
Co + One 


Fg AH = - 398.71 mol + 


Heat of decompostion CO, is 


Ong * Cy + Ong SH = +393,7kJ mol * 


This, energy 6 not erected nor destroyed. Hence, it & based upon the fate 4 
thermodynamics mee tet oe 


ot Hives henisire 

The net amount of beat evolved or absorbed in a proceas, including cht 

‘change the same whether the procesatekes place in one step ot In never 1P 
‘Mathematically from fig 


aH, + OH, + 4H = aH, 4 et 
Thus sytem reams to Ws fal stein a ce on fom 
proce, we cave al 
Hida = 0 oa ‘ 
Tus, eneny te a 


1 created ror destroyed. Hence, it is based upon fi 


thermodynamics 


jmsrproducs and amount of heat evched or aboeate vgn 
aoe: 
Hyg +% Oy —* Hy a 
{ey al about the exothermic and endothe 
scant of eat evolved or absorbed 


285.85 klimol 
ofthe reactions and quantitative 


fie it necessary to mention the plyaical sates of reactant and prodacte bv @ 
thermochemical equction 

fit Boer 2007 Behaosbur Boa, 2008, 200% Segedhe Bord, 200% DG Kin Bort, 20:0: 

Taibo 2012, 2015 Rowan Bod 209) “ 

“Silstances have diferent energes in different physical dats. Theelore, het changes 
‘be diferent in diferent reaction, when same substance is involved in diferent phyneal 
te 

g-heat of formation of liquid water and heat offonmation of water in vapour phases 
aeésicentie 

Hyg + Ong > Hyg AH = -261 humo! 
Hig + Ong > HiOy —_AH=-28585 klimal 
Hees, itis heceseary to mention physical slates of sustances in themnochemical equations. 


MU@)Dsfine nd explain Hess's Taw of constant heat summation, Explain W uhh 
preteen end give ie spplcction 
RadenPage 5 x 

‘ests tow helps ua to calculcle the Reals of have reasons, which cannot be 
‘epLERaly carried out in a laboratory. Explain 

on age 405 

{8 o) What fe Taice enor? How does BorrTaber cyte ely fo elccate The 
Rayos neray of NaCl? 


Coens era af a i her ania 

the heat of formation of compound le the rum ofall the other enthalplen 

RNY a Sones ene cashed as ow eT econg 
Shaw, 


a, 
Nagy’? 12g = Neg Cig 


OP = arg, + 
He + AH 


* 4H; = Enthalpy of formation 
SH = Late 

energy : 

eg git 7 Enthalpy of convason of Na and lino No" and CI? fons 


Nach” Hy 


his equation shows that heat of fomation (HY), isthe sum of al other enthalpies 


ROME HICAL PRO MEENS (Evercise) 
FE Bo ca THRs acdeh Bont FLOW ROH is Osa 
Oo ectauure of the redness trees from 2F Ge 
‘isomer alormetor lanes of het ae neg Clee 27 
‘itp meter tractor. The deny of ton oe ae 

Sov end pect heat nl 


Volume of acid or base used 


65°C 


‘Since density ofsoluion (water) = d 
Total volume of solution . = V = 50 cm! + 50 cm* = 100 cm? 
So, massof solution =m=dxV=1x 100 = 100g 


Thus, heat evolved is givan by 
Q= mxsx aT 
100 x 4.18 x 65 = 27174 
2.717 kd (exothermic reaction) 


nae 


org 


Since Molanity of ack or base used = M = 1.0 M, therefore 


1000 cm of soliton contain HCl = 1 moles 
50 em of solution conta 1 s0= 

3 inHel= 29 450= 005 mos 
{105 moles of Cl eset th 05 moles of OOH, 

Thus heat of neutaleation is given 

(0.05 moles ef HCl produce heat =°-2.717 kd 

1 mole of HC! produce heat= ~ 2717 «54.34 kymol 


005. 


Hence heat of neutralization = 4? =(—S434 hain 


c] 


f calorimeter te 5.5 lS K". Calculate the aio" 
ot of combustion of 1 mole of Nelly. 


Heat capacly = ¢ =55 kK" 
Rise intemperature = AT = 351% 


Hest evolved during combustion is given by 
ex AT 

55 x 351 = 19.305 h) 

Since reaction is exothermic, therefore 
q=- 19305 hd 


Molecular mass of hyazine (NH) 32 @ mol" 
Since 

“got hydrazine prodice heat = -19.305 3 
32 gof hydrazine produce heat = -19:305x32-——617.76 kel 

Hence heat of combustion of hydrasine= 81° [617.76 kdlmol} ° 


mol 


WS. Gestame (CyH,y) fe « motor fel. £80 g of« sample of octane le bumed ina bom 
cexforimeter having heat capacity 11.66 ki K". The temperature of the calorimeter 
‘mereases from 21.26°C to 28.78°C. Coleulcte the heat of combustion for Ig of 
betmne. Also, caleutate the heat for | mole of actone. 


Mass of octane =m = 1.80g 
Heatcapacily =¢ = 11.65h K+ 

Intl temperature = T, = 21.36°C 
Fialtemperaiure =, = 2878°C 
Reeintemperature = AT = 28:78-21:36 = 742°C 
Haat evolved during combustion i given by 

a= cxaT 

= 11.66 « 742 = 86.52 1) 
Since reaction is exothermt, therefore 


Q = -8652h 
Malectar mass of octane = 114g mal = 1 mole 
Sie 


180 of octane produce heat _ = ~ 86524) 


6 
Gof octane produce hent= -—75=X1= - 48.067 kd 


86: 
114 gf octane produce heal= -=>¢ 
Hence heat of combustion of octane = 4H? 


i ew: 


‘aie Chien: Patt Leal Tecate, 
—ppitng Hess Tow casi the eshalpy change Jor the Formior 

ee eg Mil fon Ni peed HC fay 

— 


Ri ty ata eeIMe 1 
Hes ey > BOL AH= 241 molt 2) 
Ny HO, —> NLGL, AH= 514810 mol" @) 

Remred 


Nilay + HO, +2q —>NH,C,, AH =? 


‘Adding o9 (0.2) and (3) 
Ning 2 > Nagy aH = 35.16 kl mot"! 
HOS + oq —> HOY AH=—7241 1b molt 
Nt, + HOg—> NHG,, aH =-51.48 1d mol 
— eee 
Ning +HClytaq > NHChy AH = [959.05 id matt 
Hence heat of formation of aq solution of NH,Clis - 159.05 kd mol“! 


(Q17.  Cobeshe the Rect of formation of eighceahal from the folowing wformalon 


Heat of combustion of ethyl aloohol te -1867 kilmol 
Heat of formation of CO, te -998.7 kdfmot 


Heat of formation of HO la 28528 kelimol 
Ger 


“Heat of combustion of liquid ethanol CxHOH 


Og ug > 1S BHOy” A HaM1367 inl _ 
Hat etomonct Cygne ee 


Caren 
Het neg rig oe 
aie earth 


AH=-398.7 ksfmol_(2) 
‘SH=-285.8 imol_(3) 


Heat of formation of 'CHOHp, 
2+ Bayt 4 Ong > -CH0Fp aH 

Muliiying eo} by 2 aaa 

‘Multiplying. tier 

evening a), ard then Sing al the equations, we get 
Teg? Dry > 2 aH 787.44 
Bua 32 Om —> 34,04 AH =-857.41d 
200g + IHOy—>GH,0H, #30 AH = 413670 


Mat Seating —> CHO, aH [SESE 


Peat of combustion of CyH, is 


#520 —> 200g +H.0, 
Fest combuion of 8 


Hat #Org—> HO, 
fat of combustion of GH, is 


SH=-3372 heal mot) 


BH=-683kealmot* (2) 


GHay#72015—* 200s gt3H:04 4H=-3728 heal mot" _ 
Iecad 
Geta + Hae —> Gey aH =? 
Malay 042) by 2 
Reverse e9(3) 
‘And waiting (1) as such, and then adding al these equations, we get 
Gilg + 520g —> 200,94 Hi0y AH = -3372 heal - 
Bet Ory —> 20g AH = -136.6 kal 
200% + SHOy —> Cite + 7120: dH = 43728 hel 


Hie ¥ Fee —> GH 


SHOT heal mor] © 


9" Graphite end diamond are heo forma of carbon. The entholpy of comburtion 
‘sraphite at 25°C ta 998.51 bllmol and that of dlamond te -398 4 kJimol 


Pree enthalpy of the process? Graphite —> Diamond at the same semperature. 

ae 
Cot Ow —> COpy AH=-3935h mol _ (1) 

HO, > COLg He 39541 hime? — (2) 


ing 
Bene 


‘9 untng eg, (1) a8 such, and then adding al hese equations, we get 
S04 Oy —> AH = -398.510 
ie rE TN 


id ——* Co + Org 


(GRO What meaning of the sr enthalpy oftntaton? Uf the heat oF neciraaa 
Ie Te ee a Mere haa! ood how of pentituatiey e,CHsCoon od 
NoOH te 55.2 kdimol. Coleulse the entuloy offonleation of CH,COORe 


itis the enthalpy change when 1 mole of substance lonizes in solution to fo 
standard conditions. 
CH.COOH 9 —> CH,CO0 iy + Hg 


Gluen 
‘Heat of neutralization of acetic acl and NaOH is 
CHsCOOH +N gt OH tag” CH {COO ay $NA ay + HO 


FM Ons Und 


AH =+2.1 4d mol"! 


or 
CH COOH y+ OH gy ——* CHj000 iy HHO AH=~55.2 kd mol“!_(1) 


Heal of neutralization of NAOH and His 
Netag + OM ig + Hing + Cling > Hi + Naty + Cling 
Hig + Oy —* HO 
Begubed 


Heat of lonszation of acetic ald i given by 
CHCOOHy — ——* CHACOO" ng + Ht 


4H = -57.3id mol__(2) 


bua? 


Revening eq(2}, 
Wieting eq (1) as such, and then adding all these equations, we get 


CHYCODH ng +OH cg” CHCOO py HHO dH=-56.2 1d 
HW + The, + OH 4H=+873 bd 


CHCOOH ag > COO0%4 + Fg aH SETS ale 


‘QB (0) Define (Lattice En 


i Atomnallon Br 
(2) Drow a complete, fly abcd Bom Fhe cae ao varmnatto of KBr. 
Le. Using the information gtoan in the table betes, caleclns as heaton ergy of HDS 
Ku 4 Big —> KBr) aH = -392 mol 

Ka > Ky Ha = +90 kd mol! 

ye yg te aH = +4201 mol! 

mBha > Bis AH =4112 Kd mol 

Bare > Bry aH = 349 kd mol! 


Kg + Big —> KBry 
tng io BornHabercyce 
i oe OHA * OH) 

or Hay =5H) ~ AH) 


2-32-90 - 


Kit le + Br 
Hat Bri #1120 not 


Hue 
+ AHUBE) + OHyBh)= 0H, 


> AHIK) -8 HBr) HBr) 


420 - 112 1-242) 


AH ofBr= $421 mot 


Kigt le+ Br 
Paiko stoner | Kigt Bry 

+4. 
“fiaceremaee | 


Ky + 4B 


Late emery = Ae 


ai T3920 ol" = Aly 


1 Bey 


In endothermic reaction AH is taken a: (thor our, 2010 
(a) Positive (b) Negative (c) Zero. (d) May be any value 
‘Whenever a reaction is exothermic, then it means that: (Gukemse board 210 
(a) the heat i translered from surroundings tothe system 

(b) the heat content ofthe reactant is greater than products 

{c] the heat content of the reactants i less than those of products 

(4) the heat is transfered from system tothe surroundings 


‘A state function which describes together the intemal energy and the product of presse 
and volume is called: (Gxjumate bord, 211) 


(a) enthalpy, (6) intemal energy (c) work 

4. Which ofthe following isnot a slate function; (sion bowed, 2011) 
(a) Pressure (b) Volume" (c) Temperature’ (4) Heat 

‘The Crucible which is used in Bomb Calorimeter is made up of: (afta bound, 2011) 
(e) Glass (b) Copper [c) Gold (@) Platinum 

For the reaction, H* + OH, the change in enthalpy is called heat of iPaper, 


2013) 
(2) reaction (b) combustion _(¢} solution 

7. Standard enthalpies are measured at: ators Bou, 2009) 
(0) 273% () 298 () 373k (d) all of these 


For the eacton NaOH ~ HCI -» NaCI+H,0, the change in enthalpy is called: 
Burrthe Bord 2007 (D6. Kh Bow, 2011) °° 


(a) Heat of neuralation (b) Heat of combustion 
(@) Heat of formation (d)-Heat of reaction 
9 The total heat content ofa system is called (Lore Bomd, 2010) 
(o) Entopy (6) Enthaipy (2) Internal energy 


(d) free enersy 


(4) Neutralization 


10.In bomb calrimeter, the reaction are cared out at constant. arodhe Boot 200 


{@)- none ofthese 
11. Formation of NH ian exothermic reaction, However, in Habers proces tempemtl® 


(a) heat of formation eter (>) hea tomato Nay 


(¢) heat of neutralization () heat of reaction Z 
1, Which one ofthe following proces an exthemic? we, ken ea sry / 
1) ton cea mito {6} Fusion (a) crapenaion 
14. The exothermic Process is Laere Bond 2011, 
(a) Evaporation ——(b) sublimation —) espa i 
1s Sana enthalpy change smensuedat "Baling 
‘e) 258K Wc Wak ay mK 


16 The enthalpy change when one mole of 
agen i calle: tater Bor 2007) 
(0)Enthalpy of atomization (6) Enthapy of neutaleation 
(@\Enthapy of combustion) Entapy of formation 

{The value of AE being very smal the tem (PV) can be neglected, forthe process 
‘nuclving: saab Wood 2010) 

(e) Liguid and gases (b) liquid end sods 
(0) Solids and gases.) None ofthese 

18.The enthalpies of al elements in their stander slates are: Man bor 10) 

(a) unity (0) zero (ec) always positive {d) always negative 


'W.Fer the reaction NaOH + HCI—> NaCl +H, 0 the change in enthalpy is called 0. 
Nien Beer 2017 


4 substance is completely bumt in excess of 


(a) Heat of reaction (6) heatof formation 
{€) heat of neutralization {d) heat of combustion 

# [Ans |Q# [Ans |Q# [Ans ‘Ans ]Q# [Ans 

= fa) 2 (b) 3 fa) id) 5 (a) 

$e 7 Pe] s {a | 9 Pm Po Te 

a @ [aes | |e) is 

a7 es Ce 


Detatled Explanation of Past Papers MCQs & 
Answers to all Past Papers SHORT QUESTONS in 


SOLLEGE CHEMISTRY OBJECTIVE BOOK-I 


, 


Sollee Chemie: Part 


Tieachcteg 
SHORT & LONG QUESTIONS TROM PAST PAPERS 
EXOTHERMIC AND ENDOTHERMIC REACTIONS ee 


aoe — 
(I} What are exothermic and endotherme reais, Ge ane exomple ofeach, a, 
Pe cecoeir i easier, 
opine ei a eth ne nt mg 
irsoplegese list paralraboperereeseatn 
2 ee a ae Se ie 
(4) What ts the cause for the chemical change? (Faleatehad Board. 2011) 


SPONTANEOUS AND NON-SPONTANEOUS PROCESS 


‘Sort Guentons 

(1) What i @ spontaneous process? Give examples. (sled Boerd, 2008; Muten oad som 
12010, 2011: upon Bow 101) 

(2) Give two examples of non-sportancous reaction? (amipnd Beard, 2009) 

{8) What ore spontaneous and non-spontaneous processes? (Onlmeale Beard, 2070 

(4) Spontaneous reactions always proceed in the forward direction. Glue resson. OR 
Spontaneous ore unklirecional. Give reason (ramet Boer, 2012) 

(5) Diferentate between spontaneous and non-spontaneausYedcions. (Plneed Bea: 
emignl Soe, 011 D1. on Now OL Min Bom, 2012. Cxjmae Boa tt 

(6) Spontaneous. reactions ore exathermlc in nature. Explain. (Guramele Boor, 2011 


Lora Questions 

(1) Diferentiate between ()) Spontaneous ond non-spontaneaus reaction (ti) Exothermle an 
Endthermic reaction. (Bohmwelpur Bord, 2009) 

(2) Diferentiate between —(l) Internal energy .and enthalpy 
endothermic reaction. Ravana Beard, £009) - 


(i) Bxothermic and 


{gf LAW OF THERMODYNAMICS, ENTHALpy 


2 frst law of thermodymamic. How 
bain Soomtinams. How i represented mat 


(2) What isthe sinifecnce ofthe equation a = 
oy Exdain hese ‘enthalpy. (Lobore Bear 2019) 
{t) Prove that change in enthalpy Is equal to heat of reaction, Boa, 201 

Prove tha Gg = AH (0-6. Khon Beard 2012 7 Sena 
(G) Sate why AH = AE in cate of quis ond solid. aualpn Bert, 2007 


(6) Diferentiate between intercl energy ard ent 0, 201 
6 Difrentt 1TGy Ord enthalpy (Felcbd Boar. 2080 2011: Rely) 


matical? ater aad 
| Board, 3011) “a 


+ U? (Rawle Boer, 2009) 


eau Queetione 

(0) State and explain frst law of thermodymaric. ator Beat, 008) 

12 What is frst faw of thermodynamics. How does it explain thot AH = q, (0, Kn Bor 
2005) 


(8) Discuss frst low of thermodynamics ard:prove that SE = 9, (0.6. thn Board, 2010) 08 
‘Stote first law of thermodynamics Prove that AE = q, (there Berd 201) 

(8) Explain enthalpy and prove that AH = q, Wahere Board 2010 Malin Bou, 2011) 

(5) Def system and suzounding. Also prove aH = q (Fale or, 2010) 

(6, Prove that at = q, (Labor Board 007; Oufrnucte Bond 2010) 

{0} Prove that change in internal eneray of o system ot corstant volume ts equal to heat 
absorbed bythe sytem, (0.0. Kon bomd 387 ORProve hat: AE = 9, date Boar 
cs 


(i) H= a, 


(®) Prove that: AE =, (Gulreaa Bear, 200% 0.6. Khan Berd 2011) 


SUTRALIZATION, COMBUSTION, 


ENTHALPHY OF REACTION, ATOMIZATION, FORMATION 
soumon, 


‘STATE, STATE FUNCTION, SYSTEM, SURROUNDING, BOUNDARY, INTERNAL ENERGY 
STATE, STATE FUNCTION, SYSTEM, SURROUNDING, ROUNDARY, INTERNAL ENERGY 


(1) Define sate and siate functions with examples. (Lore Boerd, 2008; Gujronwata Bois 208 
(2) Whet is meant by siate function, Explain wlth two examples, (Sergodhe Doers 2% 


(6) Temperature i a stat function but heat ts not Why? (D.0, Khan Boer, 2008) 


(6) What state fncton? Prove hated on, 
(7) (Watusatour Beard, 2010) initial eas 


(8) Define ntemal Energy, oten Board, 2012) 


(9) What do 11 yar Bott 
et aaa Soe? Ge eae 


10) Define the term oul" and carver 16 calories to out rede Ber, 2012 


pai Pine SH. Can be negate. Wy? tn Sot 200 5 
hots meant rd enthalpy of eomizcion? Cive example (sntted Bom, 208 

andar Dea SOT Sapa Pc 01 Lae Bor t8 Sys 

‘8) What is meant by standard enthalpy of neutralization? Give an example (0.6. Kian Bord, 
‘10H Flat Boor, 2003: Rada Berd, 009: Muon Bow, 2012, 2018: Serge Bord 
2012, 013: Lan Door 014 Caen eet 2016 OR Enthapy of neutralization i for an 
‘cid-ond base. Jain with example. (Bakewalpur Board, 2011) : 

(9) Comment peer ‘of neutrafation is merely the heat of formation of one mole of 
‘gud wcter ator Bow, 206 OF Entapy of neuron for any strong acid wth 

5) Signa baw is came Explain (uten Boor, 3007; Bahacalrer Bord, 2008, 2008) 

° Ine/Explain with examples ie ‘os 

(ent Ae a na 81; 2 Ken ar 209204: orm a, 

2019 “ 

{W enthalpy of atomisation ord enthalpy of retaliation. (Sete ew 010 

At) atomization energy and lace ener)? Pend oer 200) 

{ty standard enthapy of formation (ators Bou. 2822) 


E 
r 


PEE Ter pre ear 
amin ey ohn meoencirenronectn 
{ull ena of formation and enthalpy ofctomation: raedbad Board, 2007 


I ats city 
(1) Standard enthalphy of neutralization with example. 

(i) Standard enthalphy of combustion with example. 

(2) Define the following: 

eigen 

oni ea 
Meee hay amar aoe es 


x ‘cho 
{i Mia gptem eaten halt uneasy oor 
can ea wide 
1) Whe wer ado pres schine pb wordona  ee, 

ey LEA a noe ee 
Fer fag eset end akbar tau nhamdemy nate 
(6) Inatomb alrite, the rary mc ea 

fs eomian {crt sr on tpt) cnton 
MWh of Towing to conec agus bi 

fists and) Aun sEs og (aE ~a0 + sm tne 
Exar of tr 


‘hart Quentone 3 
(1) For whot purpose bomb calorimeter a used? tteyedie Beart, 2007) 


(Tier thy of actin? None sw mato forthe determination nd pn 
ny one method. (Burgodha Bord 209) 

(2) Define erthlpy of reacion. How the enthalpy of reaction (6 measured by gos 
calorimeter? ‘rete Bor, 301 Labare Boa, 3013} 

(3) Define enthepy of nevtrlation. Also cucu glass cala‘eter in gietol? (Cxpmet 
Sse #019 08 State the conaiuction ond working of glass colorimeter (xjmmnde oe 

(4) Describe how the enthalpy of combuation (AH) of a substance Is measured by bor 
(ooreter? Wander, 311, 3013; Ran Board, 2014) 


(3) What is Born Haber cycle? 7 "oon 
Pace Se ne Ce? Wha the main adariage of “Born Haber cycle 


(4) Draw 0 fly lebelled “Bom Haber cyte forthe formation of NaCl ten Bou. 30° 


olan exothermic change () «chara acon 
ander cad (0 can shen ng car 


(Hom aw ses, energy ct nd 
tl amdeon pay mee othe beamed erat ene 
(A) Hew dot 
ol hanger n hen of ear (6) ref reatin 
{Glequlrum conan’ (tune of prey on vane gma 
1%) Combustion of methane 
oan either eciog (ban dota racine rogue cla) go 
(0) Ecthapy chang othe anton: CH, +20, CO, + 24,0 caed rhage. 


igre” [esrb *hhatduet” awh 
(ern oie al 


|) nonapontanec resco 6) ec ert) rei pon 
(18) Haat absorbed by ote coma pre egal to 


ae oe WH 
{s8) The ental change of recon the an water cen cna po sve me Thi 


42) fiestas of thermoxiynamics (law of themocharisy, [E]HlewisLind (d) Racuts Law 


( AHE she mandand enthalpy when 

Lint psd aa tm nar clon i opin mom 
Ke Tele compound burn exc of oxy cm 

Sedan 


tng WOCa tae neo etiben ESTRTTIR] | z¥Cand 1m 
geet Nino 
(2) analational motion {fb} rotational motion (c} vibrational mation fa) alla 
a Se ania Saati pgaiiatoenie cp ttn 
weassee ae essere 
oe ‘aac a 
heats White neuer ah Quenton 
en Quon 23 and 4, Wie any TWENTY TWO?) sh sm wating teh 
® scien 
Fe eat ine ici , 
* Distemper tem et 


pe 


E 
r 


‘Ment tence pons ind vgn a l= 


ian 
Se ce 
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REVERSIBLE AND IRREVERSIBLE 
REACTIONS 

State of chemical oquillbrium 

Law of mass action 

Equilibrium constant expressions for some 
reactions 

Relationships betwoan equilibrium constants 
Applications of equilibrium constant 
Lo-chatelier’s principle 

APPLICATIONS OF LE-CHATELIER'S 
PRINCIPLE IN INDUSTRY 


‘Synthesis of ammonia by Habor's process 
‘Syntheals of 80; 


IONIC PRODUCT OF PURE WATER 
IONIZATION CONSTANTS OF ACIDS (Ka) 
IONIZATION CONSTANT OF BASES (Kb) 
COMMON ION EFFECT 

BUFFER SOLUTIONS 

Buffer capacity 

EQUILIBRIA OF SLIGHTLY (6PARINGLY) 
SOLUBLE IONIC COMPOUNDS 
(SOLUBILITY PRODUCT) 

Applications of solubility product 

Objective and sho 


‘Te rescions, wehch cam proceed both forwerd ex wall tn backward direction, are called 
oot recto 

te reaction occurs at 
The rection of Ne and H, to form NH & a reversible reaction, This react 

inthe presence of ron as catalyst and under high P. 

Ne + 3H, 2NH, 


al irk 


ime NHy also decomposes 
fsa, Ne and Hy react to form NHy, However, after sometime NH, comes 
Netty ae; tecune conto ie our rth ovr wl 


‘reaction, Thus, i sa reversible reaction 
fe and NH 
Tsreacton mixture contin al the tree substances ie. Ne, He and 


2NHg 
250mm 
PCy + Clog 


% 
"So" temperature, revereerencon 


ee = s00n as Some products ae formed 
em oe ee le one conden ed meta orton asa ower mmie 
a - ee. A+B *—C+D 

— ‘ste passes, forward reacson sows down and 


Conse the case of Hy and Oy to form HO in the presence of elect pay, ae ean speeds up and bir some period rats of 


+O —— 240 


A+B ===c+D 


oh running parallels tothe time axis represents the equilibrium state 


Hy 20d Jy seas at 425°C to form Hy. 
‘squilbrium, the concentration of Hy and lz and HI becomes constant. These are not 
wih me and a dynamic equim is established 
Hag + Ing <2 Hy 
‘When rising curve of products and falling curve of 
Trthesereadions equllisianibad [ens becomes parallel to time axis, equllbum i 
Coated bts as shown inthe fig | 


he 
‘shows that there may be two possibilities — 
Elther all the reactions have stopped in the = 
‘em end the syaem becomes saben) 
* OF both forward and revere reactions are 
‘uring atthe same rate 


Sond pont pecly acl Hance a cml eqn clad as 6 
Sram equioesum ala 
; Tac me of sre sna tach — -—_—_ 
ones a nad nace a ge fmt resco teem ON ay, 6 


"5 espa the Lu of mas octon ond drive the expression or the exulibrim 


ee 


Aw te ante 
fe Bee Oat 


fat Lik SOMA 8 ine su i ts cy mene 


‘ary # Wg gave 4 SHA Wt 


x 


The rate ot which @ substonce reacts ta directly proportional £0 1t active my, 
the rate of « reaction te directly proportional to the product of active maser 

‘Active mass means concentration of reactants and products in mol dm? 
solution, 


ma di 


Consider a general reaction 
A+ Ba—= C+D 
The actve masses of A,B C&D In terms of mole dm~* are represented by 
IC] & [D) respectively. 7 
Aaconding to aw of mass ssion 
Rate of forward reaction (Ry) a (A) (8) 
oR = KANG 
and. Rate of backward vecton(®,) a IC] ID} 
o RR = KIC] (0) 
Where ky = rate constant for frward reaction 
© rai constant for baclward restion 
Avequlitrum sia R= R, 
WALI) = IC}ID) 


tc10) 
x, «(GDL 
‘ale) 
Where K= Equlforium constant 
‘ag tt AP Indcatshatconcenration are expressed ints of ee 


Conventionally, concentrations of prod concertos? 
ah products are writlen above and con 


Ren eT or = ne conte fo fowne step 
acten feos . 
Pic constants for backward step 


a 
{) ‘Ata given temperature, value all 
, of K, is independent of the initial concet 


(i) The value of K, varies with temperature 


> 


Fora mare general reaction 
aA + B= C+ oD 
‘The covficients eppears es exponents ofthe concentration tems in the eqbrium 
onttant expression. 


1 k= Che 
? (ar) 
fate of dynamic equilbrium helps to detemnine the composition of the reactants ang] 
cis atthe equilbri 


Uhls of Ke depend upon the rumber of moles of reactants and product involved in the 
‘con 
1. Reseton wtthout change tn number ef moter 

Forauch rections Ke hes no unit 

eg, CHCOOH + GH,OH | ——==CH,COOCH, + H.0 
_ ICHsCOOCpHAHO) _ 5 Yas 

iCHsCOOHIICLH, OF! 
2, Reattons th change In ruraber of moles 

Focauch reactions units of Ke varies fom reaction to reaction 

eg. Ny +H; <= 2NHy 


ce INHs! __—_ Imotesdms3? 
Inalvia?  Irnoles de "Iimotes dm”) 
aes A 
EeapeT 

The following reaction eas allosed 0 reach the state of equllbrm. 


A+B C 

Inia smouraa ofthe reactants present none do? ofeoluon ere 0.50 mote of A 
210.60 mole 4 im the amounts were 0:20 mole of A and 0.25 mole of B 
240.60 mote of B. At equllbra 


erenote crc. Coteuton she equim conten! Ne 


Ke 


Ke = mol dm“ 


— 
2A + B c 
More O50” 060 mein 
Suit coe 0:20 045, 045 (mold) 
Kt gvent _ta 
be (Arie) 
-—015_ Bs ° 
Ke aqfi081 


Tar Wie down Ke for the folowing reversible reactions. Suppose thy 
ne tar mes naib cs ar elim se = 


Reset) 

“Azchel and acd ect form eta ard vir inthe presence of smal smear 
mere sce caat oe 

(CH,COOH + C,H,OH ‘CH,COOC,H, + Hx 

‘The progres of eoton canbe noted by finding out the concentration facts aw 
reget tena A srl sample of eacion mie is taken oul and amount acct 
dnemined by veg ith andard NaOH 
Let initial conc. of acid Is ‘a’ moVdm? and that of ethanol molidm? and vokime 
container is ‘V' dm*. If at equilibrium, ‘x’ moles of acetic acid reacts with 'x’ moles of ethand 
toate moles of eylactae and oles of 0, then 


1 


CH,COOH + G)H0H =—==CH,COOGH, + H,0 


tet Cone a » 0 ° 
(ots t=0) 
quit Cone. ax) (bax) x x 
(nets tot 
Equilbum Cone. % ® 
(mote 
‘According to Low of Mas Action 

= LoHsCOOCHHM HOY 

ICHsCOOHIC2Hs0H} 


{GRAMMING Phae Reset) 
2 “PC =—= PC + Cy pio 
gal conc. of PC 2! and volume of containers Vdmn® and at aquirium x moles 
RAS A lee 
PLPC, + Cy 
etileore = o 0 
emotes =9) 
itr cone 
Gaal tot) 


Equlbrium coneyv 2-3) 


<x 
<x 


(roll) 
‘According to law of Mass Action 


EE 


sapielpale oresin con 


a [Gee Phase Reaction) = 
Ng => Ww, 
bi conc a 
(moe) exo) 
Exum cane, a-x 
(iimoes 
aulbam cone A? 


(atin) 
Keguen by 


<p BS 


(a mols) (=0) 


etter Ps 
nmol) og 
fa-x) (b-3) 
monaeakiae aie v 
(eet 
Kis given by 
Rl 
& 
pV Ss, 
Cal 
iat 4xtyt 
AVE" ae" a= alb- a 


auloim Cone, (= 2k) * 
(rol eta) 


un cone, (2-28) 
Eutonun cone, 0=23) 
(men 


6 REMIT (Gos Phase Reaction) 
oth 

en Coe a 

il 1 

Satu Cone. (=X) (b=x) 

tee) i) 

frtnimcne =A) hoa 

train) 

‘According to Low of Mass Action 


ihre CoCo Cy and Cae thelr cncentations of C.D A and B respec 
Whe eens and produce ideal ges then lr con. of exch goss ropa 
tts portal pre: Wien the cone. ae expesed in terms of pal pressure, hee 
sivenes 
~ Pee 
mr 
Where Pc , Pp! Pat and Pg! are the partial pressures of C, D, A and B at equilibrium 


Ky 


Ke (RT) 


Whee 
T= General Ga contant 
1 Abate Temperate 
4 = change oe nls in ging fom reacts produc 
W the number of moles of reactants and products are for a gaseous reaction then 
thts cond veectome: tc ane ee 
7 


1, and Hy combine to soe Nit. Calcute Ky forthe eytheae of 
10* at 500°C if = " 


Net 3Hp = 2NH, (DG. ton Boot 2011: Gujpenuaa Board, 2010, 214 yg 
Lahore Board 2013: Mutan Board, 2013: Rawopind Boar 
Sottion 


When Ke = 6* 


Ke=6x 104 
T= 500°C +273 = 773K 
B= 0.0821 stm dnt mal 

Change in number of moles = Sn = 2-4 = 


Since 


Kp=Ke(RT)” 
»10*(0082D.773)? 
koe e102 
° 
iy en J 


Fe lene tens tae casi ep eb 
used for following applications 
ata econ clon 
2. Exentof chemi recton 
* 3. Effects of various factors on chemical equilibrium (Le-chatelier’s principle) 


Beercise 9; : 
Explain the following two applications of equlltrium constant. Give examples. 
0 Direction of reaction 

n 


[produc 
value of ke is known fora patil reaction at shen temperature, hen {BIOESE rato 
Atore rnetion attains equim) can predict the dreton of reaction, 

There may be three cases 
[produc] 
a1 4g Lproduell o, 
Smet oan 
In this case, more product is needed to regain equilibrium. Hence reaction occu in 


Cage a) ay (Product, 
ireactant] 
In this case, more reactants needed to regen equlbium. Hence ceaction occur in 


clove direction. 


product 
Geol I octan 


inthis care, seaction i at equilibrium and no more reactant or products are formed, 
Example 3 


ion reaction between ethanol and acetic acd ssax carried out by mixing deg 

emaunts of ethanol and acetic acld alongwith some mineral acid as catatyt. Semis 

tere dean out of the reaction mixture to check the progress of the esteritents, 

reaction. In one of the samples drawn ofter time t, the concentrations of the species wer 
(eH,CoOH}=0.025 


mrolldm’, — (C.HOF 


{orga Bord 201) 


found to be 


The esterification reaction ion as 
CH,COOH + C.H,OH <#—= CH,COOGH, + H,0 
Since volume is same fr al substances, therlore, the K, forthe reaction will be 
1 = lese006 lio) 
iemcoomtimor 
The [productVenctant] aio wl be 
aomoms = 25 
Sine Pro4u 
iresctant] 
Erarowe 097 


Explain the following two applications of equillrlum co ive exomples. 
Eoin he fefourg wo cpt of nstant. Give exompl 


< Ke (.e.4), therefore, the reaction will praceed in forward direction 


‘Value of Ke can also tll the extent of eaction, ie. how much reaction have ovcutTea? 
‘There may be three eases 


20, 20, 
Equimum constant for this reation is 10" at 25°C 


Ie shows tha a raom " 
decomposed to, 0" MTPeAtute, Oy is highly unstable and it almest comple 


2H iy == Hg + Fay 


-Equllibrium constant fr this reaction is 10° at 2000°C. 
Itshows that at 2000°C, HF is stable and itis only slighty decomposed to gve product. 


Eqolirium constant and postion of equifbrlum are two diferent things. K, is 


vein cont Rha dete le sachet Hour ESE 


'sgaled posion.of equilibrium, Itcan be changed by changing conditions, eg, temperature, 
‘site and concentration ee 
kets Iesue the equilbrium lies to the right. IK i small the equillbvium Hes tothe left 


Pe CUATCLIEITS PRINCIPLE 


Uses 
Vosiress ts applied to a aystem at equifibrivm, the system will oct In mach a woy so ea to 
UM. for a ponte, the cect of hat ier. 
A sistem cannot completely cancel the elfect of change. It only minimizes the effect of 
‘Le-Chatalir’s principle tells about the postion of equilixium and composition of 


Bea and chemical equilfbriums. 


Consider the hydrolysis of HCl 
BIC + 1,0 === BIOC! + ZHCI 
is oven by 
Ke= (BIOCITHCIP 
TBICHIIH OF 


‘On the ofher hand iLO i akied tthe system, it will shift the equim ip 


“Thus following are the effects of changing concentrations 


‘Adddina product oc removing reactant favours b tion 
‘But vahu of Ke eins consant Hence. i one ofthe product is removed contmun, 
the ye of reversible reaction i increased 


‘This concent of changing concentration is apolled in commen ion effect. 


on eouibn 

eer 

ce eae can ony eel tec reacone which InvoW veune we 

cee tone naka lume does ths, fe eee fed bt 
‘changes, 

‘Example: 


250mg + Ory —= 280s | 
In his reaction, number of moles of reactant are decrenin fom reactants © Fn 

‘Thus at equilibrium volume of reaction mixture wil be less than the volume ot 

taken, Thus. increasing P wil shift the equilibrium in forward direction i.e. war 

in volume but value of Ke remains constant. 


‘Examale. Fomation of $0, 
250g + Org =" 280 
The mathematical Ke expression for 
4eV 
a= a0b==) 

Were V = volume of reaction mixture at equibrum, 

1 = Illa concentration of $0, 

» = Intl concentration of 


nein 


niin Pasi 


x = Mole of Oy reacted at eau 


ipshows that if Pls decreased then Vi sii as a a 
constant ale of Ke, Hence recon move ea a ia decent fo main 


Similarly Vis decreased by increasing P, then Kis decreased. Thus reaction sill move 
in fond action to maintain conslat value of K 


er Esamles 
PCy Play + Chg 
1s mathematical Ke expressions 
Ker (@-xVv 
NO uy S 2NOay 
Its mathematical Ke expression is 
eet 


wav 


Bolh these reactions have volume in the cenominate, It is because no. of moles of 
Product are greater than no. of moles of reactants 


Thus ifP is increased then Vis decreased therefor, 3! must ao decrease. Hence the 
veacton wil proceed in backward drei to maintain consant vale of K. 
Pressure will have no effect onthe réaction. in uhich numberof moles of weactnts and 
vod are same, e., 
Hag + bg == Hl 
Lmole_imole  2male 
Sinfasy, eoctions of Uouid_and golds. ere alco not alected bu presute changes, 


Bute they do not involve volume changes. 
w = 


Considering heat asa comoonent of sytem, an intgase in temperature adds heat tothe 
ie cemoues heat from the system, Hence according 19 
eChatier's principle 
* lncreace in temperature favours Encsthernls caso, while 
* Recrease in temperature favours Exothormis reaction, 


Vaice-ot Ke changes wah change in temperate 1 because equfiiam shit 
LAthou addin or removal of extant of products 


y 


— 


7 — = 4184 kiimo! 
Oy + Hi0y Cay + Hyg AH = Al 
tis an exothermic reaction, hence decrease in temperature favours forward reaction and 
we 
vermis anpnte at the temo Tha mee CO a Ha 
oo SST Nad ecstacy fl go freed racon sg 
‘ented, then the reaction will go in backward reaction. 
Example 2 : sobebitiey of Saite 
CO) Mirek ee a 
chy sH= +2141 
1s an endothermic reaction. Hence increase in T favours forward reaction, 
fcc mow andere w= ded by fcning 7. Whe cc rex 


p sree there is dectesee in number of mols in gong from reactants to prevlucs. Hence 
pans LOE favours synthesis of NH, The pres used 200.200 eon 


since reaction is exthermi. Hence, deren i tzmperature favours fora reaction. 
he temperature used is 400°C . 


eg. Value of Ke at 200 Kis 7.17 x 10", and at 800% itis 
x10" 


Decrease n value of Ke shows that increase in T decreases 


fpadwar proces Th Kl, clizes ot nthe of NHy 
‘Focsome mfp. heat of solution is almost zero. For such salts change in T has no eliect, | Conditions for the eynthests of NH, 
<2 oman AN Ibacual proces, folowing optimum condison are used 
‘Deative hent of soliton e: . Ms » then their P 
1 subsances have -g LCI , LigDO, solubilgy ‘= 200-300 aim 
M Temperature = 400°C (673 K) Fa 
D Catxt = Pleces of tron embeded in 0 
> SEEN — J mixture of MgO, Alz0, and S10, 
1A catcpet eo means which changes the rae f « chemical reacion witha Hod H¥4 Contruous removal of ammonia fom the reaction [#7 


ag coed chs proce. : 

Tau catiiyt tas 2p cect on the equirian composiion of the sytem. & sob 
scmanes the ate of formant and backward reaction. Thus, it only decreases the Smt 
sect he eguiorum ste 


~~ SEs oe 
pan, TM cese of syrthenm of Nt, was introduced by German chemist F. Haber in I 
Newt 3Hng m2 DMilyg AH = -92.46 bdlimol 
Kes guen by si 


‘Dunng manutacturig ofH-SO, , by contac procest, 50s oxidised t0 50, 
‘The ection s 
Og + Ouy 2 250g A= -194 nt 
Acconting 10 LeChalcher's prindple maximum yield of SOs can be chiang 
folowing 09 
{0 Bemovng $0, rom reaction tue or addina more eacanis. 


(a Since there i dsreae in umber of males from reaians and products, Heno, in 
‘pres favours forward action. 


(i) Since reacton is exothermic, hence decrease in temperature favours forward reaction 
the fe contolina factors fr this process 


lncieasng temperature decrees the yield of SO, 


Be 


10 ie HO} = 1000 / 


‘snoe H,0 is present in large excess, therefore, its concentration is almost constant. 


Sie L dof pure wate contains 10002. Therefore, cone. fy 


$0, KelH2O1=(H'KOH] 
or 18x 10" x 55.55 = [H'}OH"] 
a 10x 10 = =I) 
Where KelHeO] joniztion constant or tone product of water 


‘Thus, he ionic product of water (K,) at 25°C is 


Ky =(H (1) 
e.g, Ke at 200K is 5500 but at 700 K ETON —9 
Itis only 13. Hence formation of SOsisless. 2 AACA Table By a 
pressure can increse the yield: of 80y of K, varies with temperatue. Its because, ionization of seers 
Pita eon hema aoe [aan [sso fale increases with increase in temperature. The K, value J 
forward reaction, instead of increasing pressure. so0_| 600. 31m: abst 75 times when tempera sted fom ONC fo e 
Optimum Conditions for the aynthests of SOs ote a eet in value of K, isnot regular, ry To" 
ue shows that if 5.5 moles of pure water are present be ? 
bad pcs ei opm eos ae [er [ pnts be seen ere ee | a [eae 
4 | 18 otuateris very weak electro eee 
eet Since 4,0 oives equal moles of "end OH Ions, 
(Catalyst = Solid catalyst, Vz0s or finally divided Pt eo a ian aa 
(U) Temperature = Ital heating of gases at GSOPC then recyeled at lower teres ee np hO: Ter 
of 00-50 to increase the yield of SO, IH = [0871 L 
(tv) Continous addition of O, sof TUSeR( Lean give 
‘+80, is dissolved in H50, to form oleum, whichis then dil to get He (HIB 10" 
+ H,S0, is caled King of Chemicals I's use aves an idea ofthe industri 
country. [He}'=10-" 
[H*]=10-7 mole/ém? 
HONIC PRODUCT OF PURE WATER. a a 
Water is 2 poor conductor of electricity. Because se ionization of water fon 
HO+H,O == H,0*+0H- Trap ft! 2107 malt? 
o HO == HY +OH in neutral water, quantity of [H*Land IO}-Lions suas seme = 
Ke isgiven by : 


— 


ont Late 


1 some acid or hase is ald to woter then Ky temains same but cone. of» 
oss choad 
an acd added then 
1 > 1081 
‘And fo bave added then 
{OH} > fH") 


4» 1908, Sorenson proposed a pH sale, in onder to bttr exmest the concentaton 
Hine in ag sohiton 
PA delngd a5 
The negtioelogertthm of H” lone cone. ts elle pt. 
Mathematcaly pH = —Iog/(H"] 
OF The logertthm of reciprocal of "tons conc. l cated pl. 
Mathematically PH slog 
or pH = log 1 -log [H*} 
pH = 0-log [H") 
pH = ~log (H*] st 
2 
70H can be defined as 
The negtielogerttim of OF tone cone Is calla pOH. 
Mathematically pOH = — log { OH") 
OF The logertthn of ectgrocal of OH fone cone. ie called pOH. 
Mathematically» pOH =log—)_ 
PO = lor] 
Z Relationship betowen pH, pOH end pRix 
Shoe “TH"]081 = K, 
Taking logon both sides 
fog (1H"} [OH] } = tog K, 
log TH") + log [OH] = log K,, 
Multiply throughout by -ve sign 


te ei Dad 
~ 10g 1°] —1og (084) = ~togk, 
{-toa TH") + (fog OF tog) 
PH + DOH = pk, 

Since pK, = 14 at 25°C, therefore 
PH + pOH = 14 at 25tc 


pk, = log 10° 
pK, = 14 log 10 
pk, = 14 225°C 


Bite QI2 ar 


§. 


iat happens to the actdic and Bask properties of aqueous solutions when pH vores from 0 to 14. 


Ds. 


BH scale generally ranges from 010 14. 


However, solution with neoalive ob and pH arate hen 14 are also known, 


2 He solution is noua! 
© BH < 7 solutions are acide 
© HL> 7 sohtions are basic 


Pee 
ere 
Fed cricoon = a 
Sr | eye 05 Tv ng 
73 Tenge 10° ts 
m0 113500 
[| [areio 
se 18x 10+ 
? st] 440107 
) = 10 
y a 
[rie ae 
isso 


Feeney erence 
they ar oct 1nd same, Many 
7 z ‘which can be defined as follow 
(Consider the trizatom ofan seid : 
HA+HO = HO" + A 


2 £9 (1) can be used to 
and initial conc. of aid 

2 Similarly equilibrium concentration of HjO" and A” can be calculated, if inital cone. 
FHA and is K, value is known, 

Strength of acid can be judged 

Generally 


Galt Koran acid scion, nH 1 of wlan 
HA dissolved is known, 


_ Wi 


When K,< 10-8 acid is weak 
bead K,= 110 10-* acids moderate spona 
ke = HOA flour ett 
(AIH, ionization of weak acid can be calculated by the formula 


Since HO iin na 


Hence 


SSionazation = Amountot acid ionized —_, yop 
sae ‘Amount of acid initially available + 
rth WHO mmm ae 
tates thay ae ; 


De 


A telat of ner nt th merece tn 
‘ Percentage ionization of weak acid depends upon the exten of ution 


sorta) 
THA} — 
Where Kell.) =k, 


a 


lonization constant of acid 


+ Goneraly Mongo of» weak cl ins with inazase fn don 
the when molly es) Sbionnzaton = Ataf nd 
pans ata ‘oun ofa aia” 
Whon 01 moe of aac a aeclslvedin'1000 cm sluton the 1.8 me 
are socio funded 133 ct of 100, However, when 0.001 meter 
2c ae doled in 1000 cn? of elon thn 126 molecules ae dsociated ou 
126 ot of 1000 


[Value of K, remains constant at all diulons at constant temperature 


~ caso | Tas ae 
eso — | 195 con60 —| “Tie 
oie —|-—~ar7 conse —| “ist | 


sol 


Nilung + Hi0y <== Ning + OF py 
COs ig + Oy = HOS ag + OH 


Both NHy and COs* have diferent strength of accepting proton. The strength of bases 
canbe expressed in terms of Ky 


Conse hydrolyse ofa general base 
‘harsh percntoge lotion of cel acid ina slit nahh 0.1 mae of i e 
hon dasohoed | dn? ofthe solution Kae 18 © 102 Geraod Boas 201, Buy + Hig === BHYyy + OH 
Kel given by { 
weeds ares ae ke = BHTHOH] 
neve TBNH2O} 
Equtibviam cone, 0.1 - x 0.1 foe ad uwenky x x ‘Since HO is in large excess, therefore its conc. is constant 
+ moti) Hence 
for acetic acd is given by “ (pHrilotn) 
Kettiz0)- BHTOH! 
Ke= (CHRCOOTH') ¥ ie) 
Io, COOH ” tel] (3) ‘a 
dae 8 eB 
a Or wine KelH201 = Ky = Ionization constant of base 
x= 0.1148 x 104) 
we 18% 104 
Taking equare root on both sides . 


x= 13x 10" moles 
Hence [H"]=x= 13x 10+ moles 


Wet rine) 
NH 
alin 


oe 


a 


Values of Ky and Ky are generally vewy small numbers. These are usually writen in 
exponential fom. These can be converted to whole numbers in terms of pK, and pk. 
kas defined 2s the nesatve logan of Ka 
ie. pi = ~logk, 
Kb s defined asthe negative logarth of K, 
12, pK, = —logk 


Bample 
, value of acetic acid 1.8 x 10°, Henes ts pK, is 4.74 


Results 
+ Laquor pk, , weaker acid and vice versa 
© Lauer PK,, weaker base and vice versa 


‘+ Wtwo acids have pK, vale difference of 1, then acid with smaller pk, is 10 ime 
stonger than the oer. the dfewence is tuo, then stinger ac is 200 ns 
swonger than the weaker acid, 


According to Louny-Bronsted concept of acids and bases 
+ ACID: It's. proton tonor or have tendency fo donate proton 
+ BASE: It isa proton acceptor or have tendency to accept proton. 


6 
Whenever a weak acid or a base is dissolved in water, ate acid-base Po 
pas ved in water, a conjugate act 


ian 


SE nlasmntveemmeenarns | 
/ 


for 
Every Bronsted acid has & conjugate base, 


Confugate base 1. species, which left behind eter donction of «proton from the 


tia 


ficterionstiy 8 
‘Consider the ionization ofan acid 
HA+HO = H.0'+ 


tek) (Oe! Coruna act Capea 
ao ata k 
Ke isaiven by 
Ke = Hs" 
THaytH20} 
oF Kis given by 
WIA] yy . 


(Al 

Consider hydrolysis of conjugate base 
Muay + H:Oy == AH + OH og 
Bese acid «acid tse 


Muliply eq (1) and (2) 


(HFT, toa JOH 
% Ke THA) ta} 


ce KexKy=[HTOHT 
KaxKy=Ky (3) 


Semtte 
© Eq (3) shows that if K. for an acid is known then Ky for its 
cout. 
+ Since Kx Ky = K, 
Taking log on both sides 
toa (K,-K) = log, 
loa K, + log, = log K, 
rs ) Multiply throughout by ve san ‘ 
ba K,-loa = — leg, 
(-og K+ (log Ky )=(—Log K,) 
7 BI, + pi DK 
Since pk, = 14 at 54C, therefore 
9K, + ph = 14 oC 
+ From eq (3) we hove 
Kas Ke™ Ke 
or hyn ke 
baa 
© tad 


conjugate base canbe 


ob dlecroiyie having a common ion, 
This decease In solbiliy can be explained by Le-Chatl's principal 


Ptcatin of Com tan Lifect | 
1 Preclotation OF KCIO, a 
CIO lonizesin H,O as 
KCI0sy <= Ky +C0sny 
ITHCIis added to solution then it nies as follows 
KCly 2 Kay + Cray 
Sis le mas sable in H,0 than REQ, hwo, one nga he cone 
common lon(K"). This Increase, shit the KCIO, dissociation equliblum in 
on ea 7 ft the KCIO, dsiociation equllam in hacked 


Eaves fa ke 
Fa he piston of No wed or In 1D pwede 
‘hon lg pated 
NoCI and HCI iontzes in water as 
NaCl ng 
HOdg met gs Ce 
HCI, due to its more solubiliy increases cone. of commen Ct tons In the solution, 
‘hich shift the NaC! equiliorium to left and NoC! s precipitated, 


tal 


Common lon eect i realy used in groups of quae salt anaya 
YS gas tonizes os 


HiSg PH ay 4 Stina 
1 coup I smal, the congantalion of S* lone ® hued by adding HCI to the 


‘olution which is more soluble 


ig ie 


a 


HCl ionizes as 
HCly Hay + Cig 
Increase in concentration of Hi* ions shift the HsS dissociation auieran fla that « micture of NHLOH and NHI gues 


1 Haw does the mixture of sum actte and cate cd gio the acidic buffer? 

isthe basic buf? 

‘ABulfer can be prepared by following two methods, 

0 aii bulls prepared by mons wea ac and is sath tong 
Ithas pH < 7. ra 
€44. CHsCOOH / CH,COONa, So, this micture gives acide butter 


4) Basi bulfer is premared by maina a weak base and is sll uih roa acid 
Ithas pH > 7 


‘eg, NH.OH /NH,CI , So, this mixture gives basic buffer. 


‘The ploperty_of a buffer to maintain its pH, when om act or a base to tt, be 

haart ttn Wp, when oy ald or ate eed to 
faiferis an appiction of common ion eet 

Conder the butler of CHCOCH /CH,COON. 


CHCOOH is a weak acid and jonizes very small, while CHyCOONa is a strong 
and itionizes in water to greater extent and provides ecetate ions. 


"decreases the ionization of CH,COOH due to common CHCOO~ ion and pH of 
increases, 


and thus cone, of S* inthe solution’is deceased Hen 
‘concentration of S* ions only precipitate group I basic radicals in salt anna 
1. Grow 
INHLOH ions 28 
NHOHag <—* Nip + OH'ng 
To provide low concentration of OH" ions, NH,Clis added which is more outs 
NACL, == Ni + Chow 


‘A mature of NH,Cl and NH,OH is usta as 2 group reagent for group Il radia 
salt analy 


44. Common ion effet is also used in qualitative anahyis and the preparation of buf, 


Exercise QU7. (a) What are Biffer solutione? Why do he need them tn dally We? 


Pho 
CH,COOH + H,0 
CHCOONa 


(CH,COO: + HO 
(CH,COO- + Nar 


oom, Te buffer is actully © mixture of CH,COOH and CH,COO™ ions 
(thas definite pHt 
(i) tsp snot changed on diution Yale 810 er anh cae oh ore ae 
(ii) tp snot affected by time, : 


Disoclation 


(i) Us pH is only slighty chanaed when strong acids or basis are added 1 


' 


‘Human blood is buffered at pH 7.35. If this pH goes to 7 or 8, a person may 


"Some reactions require fic Re led out in? 
specie pCa sPecc DH. Such reactions can be carted 


3 
Bates are important in chemisty adn many other ies such as nec 
microbiology, cel! biology, soil sciences, qutntion, and clinical analysis 


ta 


FF, 


_ 


‘Consider a weak acid HA and its salt with rong base NaA. These lonizes as 
HA =H FAT 
Nol <—= Nat + Av 


‘which is songer electrolyte than HA. Here ! 
decrenaes the intzaion of HA, 
‘Taking log of eq (2.) on both sides 


or "1 =logK, +log HAD 
bat took oo 
Mulpy by negative sgn troughout 
~ eal = ~logt, log HAL 
= pK, = log HAl 
p= oh, ~ oof) (3) 


at 
Since | A"Lie mainly provided by Nad (tlt), therefore it represonts the cO°% 


‘Thus eq ( 3) Becomes, 


«qf Henderson's equation for acid ber shin i 


(salt 

= PK + bog 2H 

pH = Dk, + bog SET cay 
risequaton show that pH of acid butler depends upon 


+ pa of acid 
+ Concentration ratio of salt and acid 
‘hisoquation can be used to prepare buffer of definite pH 


Trusty mrper selecting acd and aking proper con. of sal apd ci, builer of equ 
cate prepared See 


fete is prepared if ratio of cone. of stand aid ae ap! eau inthis case nl of 
tublifer controlled by the DK, ofthe acid 
pissnofe 1 
InCHJCOOH/CH,COONa butfer 
N[(CH,COOH | = [ CHsCOONa } 
Then bm eq) 
PH = pK, + log] 
PH = pK, = 4.74 
emote 2: Simlaly for HCOOH/HCOONa buffer, HCOOH) = (HCOCNs) 
pH = pK, = 3.78 
ad 
ICH,COOH } = 0.1 mol dm and { CHsCOONs ] = 1.0 mol dm 
tn pHa pK + loot 
PH = 474 + 125.4 . 
Sample 1f | CHCOOH J = 1.0 mold and { CH;COON] = 0.1 mol dm 


foe oat 
PH = pk. + loatral 


a 
ert the case of NOH! 


Ss solution of ikaw ane can 
Nit Hi <——NHs'oe + OH oe 


4.74 -1=3% 


be represented 38 


>) ae 


of 


Beaeed 


ae eee 


, —-” wv 


(oe Cheers Pad 
Kis gen by 
ence PH= DR + lo Do 6g 
ko = NHDIOHT 
TNs) 
: facil or base is added to this butler so 
‘Solving this eq, we get Henderson's equation for basic buffer veyaight change in pH. le sohtion, it uly fo maintain pi, There ua be f 


(eal 
OH = pk, slog, (5) 
“This equation shows that pOH of basic buffer depends upon 
© pK of base . 
+ Concentration rao of salt and base 


‘Sappose OL moles of NSOH is add 1 dn 

is which wl Yeoct with OL male aH ne Sut PA 0.01 mca of OH 
daceased and conc. of CH{COONa wil be ncreaced, OM OF CHACOOH val be 
Hance emaining conc. of CH,COOH = 009-001 = 008M 

‘A cone. of CH{COONa (salt) = 0.11 + 001 = 012m 


Hence pH = {0.121 
PH pK + logo 


Pr 
Coa the pit of a buffer solution in whlch 0.11 molar CH{COONe and 0.09 (01% 
~ lscetic acid solutions are present. Ka for CH Ot pH = 4.744 loajnagy = 498 
1CH,COONa] = O11 g/dm™ te 
ee iy eral ae Hence pH of buffer is only slightly changed. N 
— pt aera’ ee a ‘Additon of 0.01 moles per din? of sohton wAl change te pH Kom 7 12m pure 
Lapis | Myrna HQULIBRIA OF SLIGHTLY ISPARINGLY! SOLUBLE IONIC COMPO NDS: & 
pita, + ly2COONG bi tunity pRopucn ad 
eons sy Tiproduce of molar concentrations of oppadliy charged lon, I elu ith 
Ha 478+ git ne ead acne pone ele ely proc, 
tis den 
4.74 + 0087 ecu 
~~ ofa Consider a szerinaly gouble salt PoCl,dhsoled in water, 
ee _ A POC gE Phin’ + 2g? 
Ezercioe Q17 (0) ae j gee ‘cording to aw of Mass ection. 
: | 
xe OF Dever the term bur capacity, Foto Bord 200: ates Bort 9 = Beles 
| — Seg 2 
=e ‘abit of «buffer eolution to meiatain definite pH te called busfer ape"? PCs mana lb therefore cone, wl maa sonsan 
Itty Aetermined by the actual molaries of ts compounds KORG)» RT a 
Esomele = ever constant 
‘Conalde,“ CH,COOH / CH,COONa butter Where K,[PACh > Ky = Sty Prose content 
Hf ICH,CO.OH] = 0.09 moi dm and ICHjCOONa] = 0.11 mol dm“ "ace Paso, 
‘Then according "0 Handerson's 04 set HED, soe 
+ SOE ow 


PESO ig ae Ph! . 


{TDetermtnation of Key from eoabii 
3 of a salt 
Fe ty | known then is K, value can be calculated by using Ko 


K, = [PPPISO,* = 16 « 10°F at 258C 
‘Whese K, [PRSO, |= K,, = Solubility Product 
Sire for POO, Ky = [POE 
+ From this amount of solute / dm? is calculated. 
+ Then amount in rams is conver into moe, 
+ Usiog balanced chemical equation, pcan be clculted 
tina osc oursnoN g 


the pee 


7 
Th soley of PLP, ot 25°C (0 0.64 gle. Ceecdte Ka of PEs 


s-Wlet pr Ba 2 Bs 0 Sp Be 213) 
‘Esorie 
of PoE, = 0.64 gid? [You may urte Example 6 in 
Paved fs ‘LQNG QUESTION os an example k 
Mol. Mass of PbF, = 245.2 gmol* FOB te bove} 
0.64 8 
Taro. of moles = OE = 2.6 x 10°? moles | 
‘cong to Balanced chem a 
PoP eg Py + Few 
Hintel ope 2.6 10-# 0 0 
Pl ‘ 
Meskbey 0 26x10-* 2 «26x 10" 
res | Fens) Pe molt?) 
FesSy Fens? Henec 1“) a 
43 « 10-” | FelOHly | (Fet OH! Kee = [PO] FT x 
Sato | ngs | aS oe Kop = [26x 10-4] [2 «2.6% 10%" 
x 0] veo, [ome iCor4 | 98° e 
a aR TC Ke 
8680, | iBesoet [ian i-™ | ms | imei) | 
cas (ers) [e0xto* | ma, | enor 
Cac, | ica*iico | 33% 107 | PecrO, | IPP TICOM) ig 
Goh leturyk [az to" | so, | (eM isoe! 
CalOH ict norry | 65x 10 Pes. Pers) 


ee 


‘te Chie Pcs “$i Shem 

wee 

Fo do you calcul the subily of substance from the value of solubility pode 

2, Determination of Soll frm Kar ee 
Forth fom of conpound ad Ky mb Known, Oroaon mol gg 

‘can be calculated using balanced chemical equation. 


1 mole of Ca(OH) gives 1 mole of Ca ions, hence 


Solubility of ColOM, = [Ce] = [E75 TOF metaaF 


‘{Bifect of common fon on solubility 


2 Consider saturated solution of P2CiO, 
2 
[Ferm 3 LBs ue . mine areas 
3 me POCO ai Pog + CHO? ing 
3 20% 1077 Now if NaCrO, is added then 
87107 


Example 7 
‘Co(OH); Is @ sporingly soluble compound. Ite solubility product le 6.5 * 10. Caleae 


the solubitty of Ca(OH), (Gujruna Board 2008: Bchcwalpur Boar, 2011: Lahore or, 201 
Solution 


NagC1Ouug =P 2NBy + CO ag 
‘Since NayCrO, is more solublé and provide common lon CxO, 
‘Therefore, equlibrium of PbCrO, goes backward and its solublty is decreased. 


Kap of CalOHh = 65 x 10-* 


Fy 


We know 
CAlOH Day <== Copy + 20H ey 
tri age CalOH yay o 0 
‘Meaibrum ——CafOHhen s 2s 
Hence 
Ker = [CoP HOH 


Kur = IS1I25}¥ = 65 x 10° 
asp 


65x 107 


(5x107 
4 


or (S)= 1.175 x 10°? movan* 


Hence at equilibrium 
[Ca¥] = 1.175 « 10- movidm® 
and {OH= 2 1.175 x 10- movin? 


E 
| ; 
a 


2HF ow + Fe 
ae nN nt apn ot 4 
(0) Which statement about the following equilibrium 1s correct 
280,+0, = 280, AH = -1883ki/mol 
“ (a) The value of Ky falls with a se in Temperature 
cs (b) The value of Ky fas with increasing Pressure 
(€)__ Adding V{0,eatahetinraases the equlbsiam yield of SO, 

(4) ‘The value of Ky s equal to Ke 
(ton or, 212 fehre bor, 2018) 
(WW) The pH of 10 mold? of an aqueous solution of H,S0, Is 

(a3 ()27 2 (ais 
(Feet Bort, 205) (0.6 Ken oan 2012} 2013 (Labor bor, 2018) 
Ws) The solubility product of AgCl te 2.x 10 mol? drx*, The maximum concentrate 

(of Ag" fons tn the solution le 

(@) 2x 10 moldm> 

() 141 x 104 moldm* 

fe) 1+ 10 moldm+ 

(d) 4» 10 moldm> 
(FemhbedBor, 2008. Khan Boer 209) (Srp Bor, 204) 


(o) An excess of aquscus allver nitrate le added to aqueous barium chloride 
srecipitte te removed by tration. What are the main ions tn the ftste? 
(a) Ag’ and NO,” only 
{b) Ag" and Bo? and NO," 
(2) Bat* and NO,“ only 
(@)_Bet* and NO, “and C* 


= 
pm Capt on, 201, 2013" 
E.. 


Fartemacin 
nO NO, 

iron cot eon ae 

sae wnt Ye 


SP Feed ey 


sO, 8 stg aad. One monde of 1450, 
he we He one These ID! ma a 
Piso. ver? « 10" mold cl eme 
“Tas 2 x 10 
sft eal oe 

peta chp x 10%) 227 


2. 


ao Reere neta? x 10" 
ae hae 
Peteicd 


2, Flin the blanks 


* (i). Law of mass action states thatthe __at which a reaction proceeds is directly 
proportional tothe product ofthe active masses of the __. 
(@ In an exothermic reversible reaction, _ in temper 
equilorium toward the forward direction 
(Gi) The equilibrium constant forthe rection 20,—~ 30 is 10" at 25°C, it tes 


that ozone is__at room temperature. 
(iv) In @ gas phase reaction, if the number of moles of reactants are equal to the 


numberof moles ofthe produc, Ke ofthe reaction s___1o the Ky 
(&) Buffer solution ts preparad by mising together a weak Base end is salt with 
ora weak aid and is salt wth —_ 


re wil shift the 


Label the sentences Tee oF Fs 
{When a revel reacon ats equ 
oy Merino sb 
se reecton 
Bree C+D isgivenby 


1m both reactants and products are 


ae 
fer) 
Ke~ (a6) 


ta 


VF 


\ FE 


“Therefore itis assumed that (A} = (B] = (Cl = [0] 
(aya eamlyat ts a compound, which Increases the speed of the reacon 
‘consequent increases the yield of the product, an 
{W) Tonic product Ky of pure water at 25°C is 10 
an expression 
Ky = [H"OHT] = 10° mol dm* 
(0) AG's a sparingly soluble fonkc sold in weter. Its solution produces exces 
Ag’ end Cl" ior. 


mol dr and is represent y 


[Wabore Bod 2012: Muton Boor, 2012: Sarzodha Boar 09 
)\, Reveruble Reactions on page 431 and State of Equilbrtum on page 432 
A YO) Define ond explain the tow of move ection and drtce the expression for te 


). Ga. fa Expat the terms reveale reoeton™ end “state of equllean™ 


(iit the passage of time, the concentration of produc increases, so the rte of bachwe 
neton al nteases ad thus of ond econ dove doem, he 

‘At dynamic equilibrium state, rate of forvard reaction becomes equal 10 the rte of 
‘achard reaction, 


GE When graph le plotted betocen Ume on Koad ond the concentration of 
reactants and products on Y-oxts Jor a reversible reactian, the curve hecomes 
_porelel to time axta ata certain soge, 


[WAtiwhat stage the curves become parallel? 


guitortum constant Ke. 4 
Solved on Page 433 ‘The eurve becomes parallel o te axs at equim state. Atthis state, 
(@) Wette Ke for the following recctlona {0 the concentration of reactants and products become constant. So, there will be no 


j Sig + Eg Sn gg FFE ay 
Gi) AS" ag + FE ug = Adin + Fe ag 
Gi) Nig + Oy S—= _ 2NO 
(h) ANF + 50g == 4NO M+ GH,0y 
©) PCy PCy + Claw 


Sa Ree re INO} 
Omer emypere | Metasipeey | KemaNstoR 
(NOI THF (PCIAICI.} 
|) Ke = NOM THAOP yy = (PCLaICHe 
Se (NH I10,1° OK PCis) 


15. (2) Revert reaclona alain the aqaliater, 
and not state, Explain it. penn of SEMEN 


(day nt cherie s yan nture 
(Fouad Bort, 2008: 0.6. Khan BCE 
‘A equllrtim singe, the concentrator oT Become oo" 
Thus the ma be wo ons HEP te ene co 
ral the reactors have stopped in the aysam and the sytem © 
bo owt an erent a caring ath sae it. seat 
Second Generally accepted. Hence ulus cl 
sleery 2 chamical equlbrium 


éhange in their concentration wth tine. 
Whe ate of forward reaction becomes equal 16 the Tate of backward reaction, $0 the 
equilibrium is dynamic in nature, 
TBBefor te eurvee Become paral the aapnens of ere te? Give reasons 
Tn Te Begining of reaction, the sceprest of curves more, Is because the vale of 
‘ayyrd reaction is fst because concentration of reactant high. With the passage of ame 
‘Re concentiation of reactants decreases, thus the overall rate of reaction decreases, hence 


slegpness of curves fall until equilibrium is reached, 


TW he Take of decrease of concentrations of the reactants ahd rate of trerecse of 
Be ef ae ame pater lon ee 
—euctons hefore the equilibrium time. Explain. iam 
Consider the following reaction 
2h4+B+3C 
sits ten? aa As AT eo een 
‘Oncentration of B, Similry, the rate of formation of C is thrice the rate of decrease in 
*Oncentration of B, 
ee 
ict depends upon the nature of reaction. 


on of reactant ot ate of increase In concentration of 


At 


Wr, 


MZ. 


D 


G7. Write down 
caved Re forthe 


—paralaonahip of diferent typeof equim eonatants 
roctlone. 


ch + Bam eC + aD 
‘Solued on Page 439 


“By Dockda the comporece magotides of Kg. forthe following reectlons 


Now + 3g 2NHw 


Prie* Pita 
eel Re 
‘Qn = mumber of moles of product - number of moles of reactants 
= 2-(143)=-2 
a 
Ky = Ker (RTY* 
‘Thus fT is such that RT > "1, then Ky < Ke 
It Tis such that RT < 1, then Ky > Ke 
‘Dineostation of PCI, 
alee 
eis given by according to law of Mass Action 


Fortis acon, change in numberof mena 

vieeleersas juen by 

0 7 umber of ols of product - number af moles of eacars 
y= eT 

Thus UT zach hae RT > 5 tn > 
Tesch oaRE <tr oR 


a 


e 


(Witte down Ke for the folning reverebte reactions, 
[opel ech pe ala 


GO frovtion steure ll th cess Vd oqulivton cigs, 
) CHACOOH+ CH.CH;OR === CH,COOGH,+ FiO 


) Het hh —= 2H 
mn 2H——= Hath 

(w)PC, = PCL + Ch 
(Net He NH 


How a you explain that some of the recctons mantioned shove re aected by 
Eemrge af volume a equlbviem stage? 


‘Phe eactons in solution phase ae not fected by vohime changes sine in sohiton V= © 
{8 The rsctions In gos phase are of two yp 
{) the reactions in which numberof moles of rectanis are equal to the number of 


Tate of products. Such, reactons ae not flected by volume changes 
4x 
fc tth 2 Kee 
bait Kee Goa 8) 
‘The Ke expression for this reaction does not involve volume (V) term, so it Is not 
aflected by vokimo changes (or press changes 


(w the reactions In which number of moles of reactants sre not equal to the number of 


WTR ange afsokame dcaeds te 
_qoitstons bat ot the utc content, Fc Sor 


he 
a 


Imoles of products. Such, recon a aed by value chargs. 
Baomple: PC, # PCL + Ch Ke oy 


‘The K, expression for ths reaction invabes, term 20, wil be affected by volume 
changes (or pressure changes) 


eit pots 


recicns  gs past ae of 0 8 
therenctons in which surber of ls 


_ Wi 


' 
Bample: POM PCL + Oe Kee Ey 


or (Keb ERC 
Hence, Ky at 100°C is 75 ti 


TT i Rn TR RT TT 
= 
theme rns eee 
‘value of Ky increases with Increase in tempera lt i because Increase in 
tos Seino f00"en wont OF eon poke 
Hence value of Ky Increases. 


ew do you proce that at BIYC ts Fan? of water, thee ae 107 moles f HO"? 
Atos el po pe et 21 Gi cf wore 10" mae of H,O" and 10° moles 
ABC 
toy = [FYO*HOH = 1044 _ (1) 
‘Shoe londation of water gives equal number of HO" and OH tre, terete 
{H,0"] = {OH} 
Hence, eq (1) can be weten 2s 
Ky = HAO UH") = 10 
« THOTT = 10" 
Taking square root on both sides 
TH.0"] = 10°? moka 
Hence, at 25°C, water has 10° molatin of HO" fos. 


Example Ny + 3He ONE, 


{> The alubliy of ghacons in water Ib creased by iicreasing the 
{Dc Khor Boor BODE, Garewal Board 2009: Lahore Boar, 2010, 2012: Fasaabed Boor 411 
Eadeabwr Board 2012 0G Khan Bord. 2012) iz 

“Tha sciubiity of glucose in wabsr is an endothermic process 

Gucoee +H Ghicove (aq) aH = +ve 

‘So, acconding to Le-Chatler Principle, if tamparanure is increased, the system wil nee 
tn forward rection, Thus, more glucose weil be dissalved. Hance, solubility of gu 
‘ncremmes wih increase in twsxperabire. 


Th toni product af eater? How does thts eave wary wath che chant ® 
(eee thas thn vee t 75 tnian aban the T af wocer bncresnad from OC 


Ga) Define pT end POPE Hm we ce rd wth 
i; eametamel a count reali baa potent pe 
Se 


Value of Ky emma ith noeese in temperate. nt 
‘mnpeamm mowmees the ccumtion of HY ar OH” 

is HO Tam moe Ho acral Sra pape ae a cw te 
i — barra ee ier i 
eC ate Oe cn Pope 451 


ME IIS. 3 E 
ai TOR ae ta he eo Or 
Fart Sean? _ 

APC (ely = 012 yy ite Ser Tatraror era des 


AWTS Nein = 75 2 
Dowie ang (2) tay ag 


_ Wi Nay 


A 


we 


416 


College Cherlartart 
Cauilériun 


). Thus, at other temperatures, the sm ofp 


and pk decreases (since pki @ 
th temperature, therefore, value of ky, 


isnot equa to pk Since, Kw increases wi 
Bus than gt temperatures higher than 25°C- 


Sahat Lowry Bronsted Wea of acide and bases? Explain conjagay 


ansvoaeL 


‘mttaer 
gi pias of NH, by Haber proce lam rathrmla Racions 


M+ 3 


2NHy 4 He 92.46 kdlmol 


Ge) What ig Wit should be the posetbe eect of change of temperature t eullrtn nage? 

on tafe ere base by Lary Bronsted conept (avant ey | see eacton Is exothemlc, hence secortng to Lechaties pineble ders 
eh perature favours forward reaction. The optimum temperature is 400°C. - 

‘Solved on Page 456 

‘elas ci dass inet ad goes pron 1 Wale, bile dass [pas dee th change of preeure o ware aia he livin pons 


i on. Discuss the role of acetic acid in both eases. 
1,504, it accepts prot oe 
2009) ——— a ees 
‘Acetic acid is a stronger acid than water. So, it donates proton to water and acts asa 
‘acid, — 
(CH;COOH + H.0 CH,COO- + HO" 


However, H,SO,is a stronger acid than acetic acid, Therefore, HaSO, donates pram 
and acts as an acid while acetic acid accepts proton and acts as a base. 
HaSO, + CH,COOH ==» HSO,- + Cil,COOHS* 


Tis. _Intheagulliriom Pog POGGtCl) 8 H=90ki/mol 
What isthe efect on 
(@) The position of equilibrium _ (b)Fquilibriuen constant? If m 
(@ Temperature is increased 

‘The reaction is exothermic. Therefore, according td Le-Chattier's principle, ime 
in temperature favours forward reaetion. Thus, concentration of PCI, will dees 
that of PCL, and CL will increase. Hence, it will disturb both equilibrium postin 
equilibrium constant (Kc) of the reaction 
Gi) Volume of the container is decreased. 

tn tis reaction, numbers of moles of reactants are less than that f Pg 
Therefore, according to Le-Chatliers principle, decrease in volume favours TS i, 
reaction towards less volume. This will change the equilibrium position but = 
remain constant. 
(Catalyst is added ctsit' 

The catalyst has no effeet on the equilibrium composition of the system. TH 
not affect both equilibrium position and Ke. It Hele igoms the rate of fore 
backward reaction. Thus, it only decreases the time to reach the equilibrium 5 
(iv) Cl is added 


Chis {nct of reac : se 
is the product of reaction. Therefore, according to Le-Chatir's PHO 1 


Cl, favours backward direction, 
Siar thee npn ab 


reson? 

ea Wt wil be the eft of change n pressure on Spmihet? ahve Boe, 2007; 
Fctol Boor, 208; Malm Bou 2010: Gaeente Bema s01gy “st Roms 

rin aes the chnge of resus he lr atone staf ome ate 

| Sace nuimber of moles of products is less than number of moles of reactanis. Therefore, 

jixording to Le-Chailiers principle, Increase in pressure decreases the volume and thus 

ma forward reaction towards les volume. The opm pressures 200-300 stn. 


What othe role ofthe catalpat tn this reaction? 

“The catalyst used in this reaction consis of pieces of fron embedded in 2 fused mixture 
40, ALO, and SIO,. It simply increases the rale of forward and backward reaction. 
 hdecteases the time to reach the equilbrum state. 


Wat happend 10 eqallirium positon of thls reaction NM, Wa removed from the 

| ston easel om time 1 He. 

‘cording to Le-Chatlers Principle, by continuous removal of Ny from te reaction 
Taeton moves infra dracon 


1 Saercaad oe Rng of cass poten fe Drang BOs 


‘an exathermale reverse process. 


Sie Balanced rsa ea 
280i Ong = 150 


be 
[RS samme cm a? 


‘aH = -194 kifmat 


ber of pen number ook of earns, Teeoe, 
[Regt recgae of ec ey preere daenesthe vhune ad tt 
Yormad eaction towards less vote 


Ja 


i 


5 


“ 


‘Shami Eatin, 


7 ; 
jaa tou ers ha - 
FE a, a PLT Fa Sa y 
ano Kefom cbt? (belted Bor, 2012) 

jn 


(@) Explain that a mixture of NHOH axed NH,CI gloes us the basic buffer? 
(Rex Boar, 2010, 2011: Mut Board, 2012: Sorgocho Boas 2) 


i=-boIH'1, pO =-log OH]. pK =o, pK\=-or, pK = oak, 
#6508 = 


K+ BIG =. Kak = Ky 
Amount of mbes 


‘Solued on Poge 461 


“ae pou ay Ta gre pg of CLOW twee 0 en, oa +l 


the dissociating poster of scetic ocid and so the pH Increases. 
(om When the concentration of els nereosed tn an acdc buffer, then the pH o He 8 
increases. Why? ‘Lahore Bast 
CH{COOH is a weal acid and lonizes very small, while CH,COONa i * 
sleczolte and it ionizes in water to greater extent and provides acctate fons. 
CH{COOH + 140 (CHsCOO +H, 
CH,COONa === CH,COO-+ Ne" . 
‘Thus, CH,COONa decreases the ionization of CH,COOH due fo common 
{on and pH of solution increases. 


san ano 
{o) Explain OR Describe the term buffer capacity. (Fauaebod Board, 2008: Labee ==" 
‘Solved on Page 464 


{18 What te te slay produc Davos Vo shabiy Po 
sparingly soluble compounds, AgCl,. Aaior0, and PhCl,. 
On Denes roc. Dero rity produ exer fer AGS 


Solved on Page 465 


since of anaci cca tae = 


“Finont of saeco eae" 


1 and frat ber pOH = + log Sth 


—— Het 


misture contains [HI] = 0.08 M, [Hi] = 0.01 M, Il = 0.02 4,7, 
e ‘edded so thot tx new concentration te 0.096 M. whot wii 


Tincentaston of [A0-(Hy and [i when aqallriam is re-eatablched, 


imdxture more HI is 


IMERICAL PROBLEIS (0 
1QI9. Ke value for volume forthe following recetion x 0.016 at 520°C 
2H 


oan === ht he 
eat xtbamene. 0.08 oo om 
are) 
tito 0086 «O01 
Smeaton tt 
Eptamone 0096-24 O0L+x O01 +x 
Won aparece 
ea) 
‘ecording to lew of mass ation 
x. - Halle 
iF 
(0.01+n(0.01+x) 
- =0016 
Keo .086= 
(ooi+ x? 
Molex 0016 
(0.096-2x)* 
Taking square woot on both sdes 
Oo ang 
0.056-axqt = YO 
~~. 
01+») 
_ Mdl+n_W6 
a ‘oose-2y “078 
; 00144 = 0.126 (0096 -2«) 


oo1+x 00 -0252% 
x4+0252x= 00121001 

1.252 x = 0.0021 
02, 


Concentrations when equibrium i re-established are 


[Hy} = 0.01 +x = 001 + o0o16s 


(o01iet nals 8 
(e] =0014X = 001 + 000168 ~(6ii16imalan® e 
{Hl} = 0.096-2x = 0036-25 0.00168 =(505E6 mot dix'4 ° 


SS 
GED. The equilibrium constant for the reaston betiech acatle acd and ethyl alcohol 


4, A mtsture of 3 moles of acatie cold end one mole of CyHjOH te allowed to 
come to equilibrium. Calculate the cmount of ethyl acetate at equilibrium atoge In 
‘mamber of moles and grams. Also colulate the mosses of reactants left behind 


am (CH,COOH + GHJOH = CH,COOGH, + H,0 


figs 8 1 0 ° 
inant) 
nations 3 I-x x x 
eee) 


‘According to law of mass action 


_ [HeCOOCeHsI[H40} 
[CH:COOH}[C2Hs0H} 
Olid) og 
Ke Bogda 
xf = 4(3-x) (1-5) 
ot = 4(3—3x-x+x') 
= 4 (3-404 8) 
of 12 - 16x + 4x? 
antec + det = 0 
Se 16x +12 = 
‘tls a.quadratic equation and can be solved by using 
feed, bang, orl? 


_zbesifaaae 


2a 


(-16) yf-161' - 48102) 
ae 
16 56-14 


Ke 


quod formula 


xe 


Nm 


Therclore 
ols fy nee 
Mas of i ncaate 
‘elect water 
Nas of uate 
Nolet sce cd 
, es 
Wi fect ack 
Pray 
Nit a azo 
antes 
Mo of aol 
wnat 


16-1058 
t 


x= 09 mol dm? 


553 = 22 Rtt Hog 


or oot males = 8342-067 mle 


@) When T mote 
he queue 
Gatuen 


HO + CO mmm Hy + 'CO, 
a ta 3 y oo 
‘ Ytinmon Lex dog rae 


of ieam ond T role f GO wr cowed ali 
-misture te hydrogen. Caloulate the Halve of Kp Siete the wt 


‘Tolal no of motos at equlitrum = 1 


situ grater than the intel concentrations of ce 
<n ‘Atequilibrium 
Moles of Hy = x = 0167 moles 
Moles of CO = x = 0167 moles 
== 09m Moet of gO = 1—x =1=067 = 038 moter 
705 x 88 [79%6q) ° Molerof CO =1-x=1-067 = 053 mole 
x= 09 moles 
09% 18 Hance, Ke is given 2s 
=3-x= 3-09 = 2.1 moles Ke= lHtalxt00) 
** TH;0}«ICO,) 
21» 60 =[1iSa] ° oer.087, 
= 1-40 1-09 = 0.1 mole 033x033 
ince Ky = KL (RT! at Res = Moan. 
$01 46658] 8 teneg 07 RT nn 
KK ° 
musipe Be Caleta egy 
WWF malaatint of HT Tein Bd 2010) 
ws HClicnizes as 


1a reach 


RH? 


HCl H+ cl : 
Since HI a a strong ac, and Its 100% dlaocated. Hence 10 mold 


{el produces 10° moti of" fon 


10+ moldn* 


aa ar 
nee of 6K ponte 2 mcs of ons f 100% cewocmt 
Fone sree *gh = SP dence fencions 1 mace of FX poadaces 2 ast 


iced 
It acwm te | ole of HHLOK produces 1 cle of Ons. pH as 
SEH wonky S danced os : ‘ 
Secon = —_ SAA OF Spot ato mia a ad i ee 
é * Galmdlescl On REE: tae ofp wl cer 01 mt MSO iad 


go —__— 


wr: 


mY... % 


ww 


e 


When 0.1 mole of NoOH to added 
So ae i bese it dzocaes completly, Therefore t produces 0° rss 
ae OH: lone reacts uth 0,1 moles of CHxCOOH. Hee, outs 


*) (CH,COON) is increased rom 0:2 moles to 0:3 moles, 
"Hence, new conc. sl be 
TeHc0OH = 04M, pam =03aM 
hut pit = ok loo coga a 


\> 
9 
a 
H 
g 
H 


Addin of 01 make of HCL ; , if 
duces Clty, Tarde, produces 0 mee op 
tons, Thus, 0:1 moles of H* fons react vat 0.1 moles of CHxCOO™ tons “Hence, out of 
‘Ao ofl (CH,COO" Ns", Ot mle of sale eft bind. 
Sarton! con fea (CH,COOH)siceard rom 05 moles 90580 
Hence, ew con. wl be 


ICH,COOH} Sais ‘ea O1M 
coon 
oe Ths Henk 
PH = pk, + fog! Hs 
(0.1) 
oa 
? BH = 474+ lg ed 
pH = 474-078, é 
o mH [a6 | 


(Gee Sexton 871 fr complete underfunding of his ume) 


cee aa apart Geel Bort 2009 2017, 
Sabin of CaP, = 2.05 x 107 mal dv es 


GE Satly of OF, water oh 29 Fund tobe BOSH wal ae, Wht Vl 


‘Aecondng lo Balanced! chemical en 


CaF COM py + OF ig 


esiage — 2.05 x 10 ° o 

(eae?) 

Micaninyy 0 205x104 2x25 x10* 
emote? 


Hence Ker = [Cat (F 
Kop = [206 10-4) (2 «205 x 10-* 


Koy =[84460 10" mol dn e 
GE Tie solily product of Ag,O1O, BEN 10" of 25°C. Caleta the wolubiy of 
the compound. 
Kor of AgiGO, = 26» 10 


Weknow 
AiO sug Ens + GOP ns 
Int age mci?) AaCIO« 0 0 
Acietun ottst)— AauCOe Bs Ss 
Hence 
Kar = (Aas FL COS 


Kay = [25}15] = 2.6 « 10°* 


AIS = 26 x 10° 


Hence at equlosum 
a ree] 2 x01866 malin? =037S2 malin! 
Ee 16 moVesn* 
a nol of CAO foshenee ZY 
Ll bao oy Lassie asl) eZ 


OBI-CTIVE 

1. The pl of human bloods: wap eed #817) 
(80 759) 763 (a) 7.38 

2. When HCI is added t aqoous solution of HS, it lolzalion: avepina bow, 2021 
(a) Increases {b] Remains constant 
(c} Decrenses _(d) Fist decreases then Increases 

‘3. The pH of 10! mol dof an aqueous solution of HCI s: meena ood 2012) 

is B20 30) 27 

‘The pH of human blood is: (rane bor, 210) 

7040 OSs) 74 

“The tone producto wer wil increas if: Curmmbrd, 2020) 

(0) H* ions ae added (b) OFF fons ae added 

(0) temperature sincreased (4) presur is increased 


Tonic product of war (K .) increases when temperature Increases form O°C to 100°C 
(Lahore beard 2019), 


(0) 25tmes _() T5times(c) S5times (€) 65 mes 
‘When K vie iba, the eqiltum postion i: uranal oerd 2008) 

{0} toward let) tovards ght (6) remains unchanged (é) none ofthese 

‘Abani ule solution can be prepared by mising(Cxjenod oer 2008 

{2} song ald ands sal with weak song ack 

(b) weak base and tsk wth stong acid 

(© strong bose and is alt with weak acid 

(2) weak acid and is salt wth song base 

9 Which al dashed in weer fom seion vt a pl rele than 7 armas 


(@) Noct 1 C180, (6) NoxC05 (a) NH 
110. The POH of solution Is 4. The H* ion concentration of solution is: {Gusromsate boot 2019 
(0) 40maletim® (0) 10" mole? 
~ (2 Odmolewém? =) 4 x 104 moles dm? 


Fs 


11. The solubility of KCO, in water is suppressed by adding: futon bord 2022) 


fo) NaceO, ey Nace (2 1Mn0o, (a) KE 
12 Tha tem pH wos itoduced by: tdi tet 2014) 
(0) Henderson () Sorenson (6) Goldsmith (4) Thomsor 


13. pH of abufer can be calculated by using: pun boo 2031) 


{0} Maselay’s equation 
{@) DeBrogle’s equation {a} Bokr’s equation 
ralageol fron by Habe oes he optum condone 
(@) 150-160atm —(&) 170-200atm —{c} 200-300am (4) 300-360 8mm 
45,Cominon lon effec finds extensive application in: (xml ber 2010 
(2) Quantitative analysis (©) Qualitative analyse 
(€) Spedroscople Analysts (6) Thermal anes 
{6,Disodation of HS in water canbe suppressed by the addition of: (bam bd 214) 
(Hee {bo} NHCE (@ NOH (@) NeoH 
11-The pH of human blood is (ton bod, £01) 
(9 732 (b) 738 (0 7394 
1B.pH = pa + log (Sal (Adds know 28 tain bur 2013) 
(a) Etnstsin equation (b) Planck equation 
(6) GB's equation (@) Handeron equation 
19.Forthe reaction 250, + 0, 250, 


WK=K WK KK WK=K 
"milion Tons arsmonia's produced by Habe’ Proces? 
ia) 0 (o) 120 15 (a) 200 
20.The concentrations of rentants and products a equilbrium ae 
(a) Equal (b) Maximum {e) Minimum | (a) Constant 
{ater Bor 2007 
2. The value of equlforium constant can predict: (Bahaestpu Bood, 200%) 
{a) The direction of reaction (0) The extent of reaction 
(0 The fect of cataist used (6) Both Ue rection and extent of reaction 
2. For acidic solution, pH will be Sanedta Bead, 2008) 


(b) Henderson's equation 


735 


§)7 Gb) tess than 7 (0) grater than 7 (a) zero 

*8.The pH ofa solution i 9 the solution i oni Board 1009) e 
fo) weak acid (b)Weakbaxe _‘€) Stongaed (4) Stong base # 
Law of mas eton derived by Guldberg and Wang nate Bo 216 

(1908 (6) 1906 (e) 1846 ‘a 1864 

35 .Uich relationship corect about the stengh ofan aid wth the sre fis = 
Serjugoted base? ators Bow A010) a 
Ket geek KRM Nemec a 


{b) Addition of HzO 
(d) Addition of BICI, and HO. 


(at KCL {b) Necl (@ HCl 

28, The unit of equlltrum constant K,for the reaction, (Mutton howd, 2010) 
Hye 1, 2H 

(a) mole! dent) mole dm? (6) mole dm? (none o hex 
£29 Which o the foldng reactions ul be favoured tothe forward directions at ow 

‘reanre? tn Bord, 1010) 

(a) N+ 0, =—=22NO — (b) N+ 3H, == 2H, 
(9 PCL PCL ACT, (d) Hy 1, 2H 

30. High value of Ka means that acd Is Spode Bow, 20) 

(a) veryweak werk (e) strong (d)_very song 
31 In laber proces, for frmation of NH, the pressure used I Serge Ber, 2010 

(2) 100aim ——() 200-3028 = (c) 600 atm {a) 1000 atm 
32. The pH of 10° mol dof an aqueous solution of HCl is tphavaipr Bead 2010 

(30 27 © 20 (@ 15 
33. WNAOH is added to solution of CH,COOH then Duan Beard, 2010) 

(a) pH of solution decreases 

(6) H' tons concentration increase 

(€) CHYCOC" ions concentration inerease 

(6) CH{COOH ions concentration increase ~ 
34 The low of maa actin was given by candied Boars, 2016) 


a Vast Ht () Bodeinstin 
(cl Guldberg and Wage (6) Berthelot 

235. pl of rain water 6.0 i Bor 2010) 
Lads ©) 60 (62 (a) 7.0 

236. quit conta Sor gaseous equliovum i represented by «7.0. Kn Bat 9 
Ladiiad tb) K ak, @ & 

537 Toe term pH was itroucad by ater Bor 2011) 
(a) Hendersen (6) Sorensen (c) Goldstein (4) Thomson 


‘38. The ntasorahip berween Kp ard Ke is ghen by (Lahre Beard 2013) 


fo KyeK (RT) @) Ky-K,(RT)" 
Tre unis or K,of HO ae alts Bow 2041) 


‘andes dm?) moles’. dm* fe) moler’dn? doles dm? 
.7he pH of mixture of CHECOONa and CH3COOH is rasta Bod 201) 

wi? (bo >7 fer od 
The sum of pH and pOH is lays catre Boot 2271 

vol? (b) Zero ou (ay10" 
incase wine {OH } > (H"] the solution rtd wt, 200) 

ta) Aciie (b} Neutral (ch Basie {4} None of these 


3.09 adding NHCl 19 NH,OH solution. The fonzation of NH,OH iSewedh Bor, 2013) 
(a) Increases (b] ramainssame _(c} decreases (4 increases 100 times 
4 Restion of BIC, with HyO gives white ppt. of BIOCI and HCI is formed. The white ppt 
Alsappear by (arpotb Board 2011) 

la) adding BIC, 

(e Iereasing temperature 


{by adaing HCI 
(@) decreasing temperature 


lat [Ans |Q# [Ans [Q# [Ans |Q# [Ans |Q# 
tT@]z),o,s,o,¢tets 
a m1 8 | io fo [ 
FC a 
isa a7 1a) | 18 fw) | ae fat | 20. 
aa) ae [sf | et 

aa ta a8) |e [tet P30 
ES OT 
36g) | ayo] se | | Pl 
ate pa pets otal e 


Past Papers MCQs & 
‘SHORT QUESTONS in 
OBJECTIVE BOOK 


Detailed Explanation of 


omer? to all Past Papers 


copper suphate 
Hout tn lr mony ae Cea Bok i 
ae alain of NCI wk bt tat of CH,COOH bal? arn an, 
sein 
Calcul pH of 10" noid Bo(OH), 
Ca eet ase rae. Expl, (Kn Bt, 


Short Question 1. sis 
Dafne veale and reversible reas. Give examples (Ased Kshs food $0 
1) Difrette beeen reverb and ineverbe reactions, Gv examples. Rete 


De 9010.0, Koo Bord 3013) 
ta) Defi ute of chemi] equlbrtum. OR what do you understand by cherial 


equi? Onronele Board, 008; 2:0 Khan Bord 2012) 


W OF MASE ACTION —_ 


ete 0 
Stark Case mass ection. (Wn end 2007: D1. Khon Baad 018: Serre PON 
(2) Wrath ecu conan vue hess unis fr some of he reversible rene 
pra o unis for ame ater reactions? (20, Khe Bear, EO: Rasen Beat #7? 
ame ol che 
Hi Define lw of ross action. Derive equilbrium constant expression fora gene 
aac. (Senda Boer, 301%: Mane Board 
Sas FF 


a, 


‘FOGiLIBRION CONSTANT EXPRESSIONS 


Sc en 
a Ee en cre Fe 
COOH +CHOH om — CH,COOCH, + HO 
2 acetone rene fre acon of PC en oe 


orn 
(3) Write equilibrium constont expression for the reaction. ont. 1000 
—_ Nye a 2th eee 


(8 Wire down mean: between K. ond K (0.6. a Bem 0189 08 WI 26 


ane hous these are rele? (Gxperete Bod 2012) 4 


=a ‘ental Lis 

: the extent of a chemical 

aie rei ecto? tad 381: Ran rd, 

sp Wr no appt of equim cons (gym Bad, 301 Le Bo 388 

i Hou does the equim consan ofa reacton il the cretion of «chemical 
12.2 en Board 2010; adn Bo 812 O8 HOw he vue of Ke of reaction 


ape the cretion of renee recon? igure 
inte st arm 


‘earners PRINCIPLE 


eet 

fas Pimzaremen of or Define) Le Chater’ peal (0.0 Kan Bom 207 ater end 
9 2018 fue Ks Dowr £01) OF Define lw of mas acon and Le-Choters 

FenCpe asl Bow, 210A: Fr hac Ka Aan, a 

‘a Insome reversible reacions, he erin of reason i changed by change In pressure 
he reason, (atmacpur Bosrd 2060 

{) Hw does acai ofect a reversible reaction? (din a1 2010 Men Bm 
{bat Sepeche Dor, 2013) OF Describe (or What ie) effet feta on eaulorum 

Fei s007, kamu Bara 210 0.0. Kor Be BE: Fone Bo 218 

Sasser Bar, 2018) OF A cla does nett he eullbrium constant. Comment 

01 are Boar, 08 

10 Wel be the effec onthe postion of equiorur onthe flowing system 
temperature i icreaed,() chlorine i odded tater Bod 28) 

Pym PCh+ Ch | a= 90klino! 


D} Define Le-Chatelter’s principle. Discuss effect of) change in volume tl change in 
\emperature on the formation of ammonia. 2.0. Kaan Seer 3018) 


ePUCATONS OF LE-GHATLIEN'S PRINCIPLE 


a= 9246 bd2010 
bpleed '$0,10 SOs Explin why? enter 


me SS 


‘Shans usin 
Sear aan tonic product of water? Give ts value ot room temperature ator Bod mm 


sinh is K., Give ts vue for ate. Beard, 2010) 
12) Whar K? Whats the effet of emperatie 7 the value of K,? (0.0. Khan Board 21 


HAND pH 

‘Short Qocstane 

Ser SCH penn Dot 108: Sere Doe eben Boer, 201d 
a ne 201: Hato Br, 218s 2019.2019 ‘on Define pH with 
‘motheratc Sereda Bomd, 2013) 

(2) Prove tat pld = 10g of [H"] Seroahe Bod 2997 

pure of sokition when (Garanaa Bow, 2011) 

Ser Shep isles than 7. therefore, te solution ioc 

Oa cx pis higher than 7, therefor, the solution i basic 

a) Wheat uilbe nature of solution when: (aan Boe, S001 

gical ton 7, therefor, the solution 

1 ale an 7, An Since pH higher thon 7, therefore ne soln sb 


Cone Duenione 
ene eal pH, Hows rey relied with pk Boasaer Boer 2917 


[ORIERTION CONSTANT OF AN ACIDIBASE eee, 
iter ecient 
a "What ore the foctors affecting ionization of acids? (2.0. Khan Booed, 2010) 
(2) Define sonjspte acd ord Bve. ation od 208) 
(4) Prove pK, + pi, = 14 tGxgromuets Board, 2010) 
(4) Prove tp, + pK = BK, ad ord 201) 
(5) What is pK, and pK, (Lasore Boord, 20141 
nen 


‘ct usone ain 
Sim caeon on lon. Geta oes ie 
12012: Lahore Bowrd, 2024) OR What is common ion effect? (Gu yrarate Booed: 2010) | gt 
re pape no 
Smite eat 218,08 ICI is used in the purification of NoC!. Explain lace 
(3) Why HCl is ti fe 
i oy He tl ate bor pei HS gas in quaiative analysis of 2” gs 
(4) Why solid NHC! is added in quolitative anc radical 
° NILOH ? antans bon 301 ve anal of 9 group bak 04 
(6) Guo epleatons of common on ee. arenas ow 3012 


at 


geuectemso asl 


and explain the erm commen en , 
casual lem omnes ted ett tn amen re 


SDT BANDERSON FOTN OTE eavaerTY 

ire buifer solutions? He sissy 

Ser are fer sliions? How are they repr? cer 2008) on What is 

rt? Glue exOMpe D6 Ken ot, 209 Beta Bod 8) 

1) or bufer solaions? Why doe newb sito? han er 07: abd 
Ve et. Kren Bor 200 Sota Bow, 21% xara Bw, 01) OR Bur ore 

ay ngorn an cr of eherisy. Jus Sa Bor, 281) 

Beare ulferslutons? How n cde fer prepared? (qrmas Bok 201 

(9 ht ee oe ag Pee eo 

(6 Ware basic buffer solutions? (tre aur 08) 


‘ae, 2031) 

A eet fine buf copay? ian Rn 208 Ravan Row 07 Cre 
eon oe eeplan the terns ber ond bufer capac (Seino, 
One th examoe (9 fe seer capacity Wabamdpr Bor, 2041 Malte Boer 

(ane Queatone 

fen cane ee RsON'S EQUATION’ frei Buf. 2m Ber 202) 


Somuaemy PRODUCT 


(M Define er capacy and solubility product okaelnw Bom 2009) on Define solubility 
On ber capac a ppm 2108 Dene SHY ond MANY 
Produ. esol Ber: 201) 
i Et ame ect? tne tan Dtre F 
9 atuth ec. 
ie the ao oppliatons ofthe 

TOLL: Lahore hai 13) on Define solublity 

1 ee et cnn 
sr renee of cen” 2 
re an bt Bont 0 


ct aion Bout, 2011: Resend Bod 
"mesic Glue ts opplestins. 1. Kaen 
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CONCEPT OF A SOLUTION 
CONCENTRATION UNITS OF SOLUTIONS 
Percentage composition 
Molarty (M) 
Molt (7) 
Mole fraction) 
Parts par milion (ppm) 
Inorconvorsion of various concentration 
units of solutions 
‘TYPES OF SOLUTIONS 
Solutions of sollds In quid 
Solutions of iqulds In fii 
RAOULT'S LAW 
Raoults iaw for two volatile companents 
{deal and non-ideal solutions. 
‘VAPOUR PRESSURE OF LIQUID-LIQUID 
SOLUTIONS 
SOLUBILITY AND SOLUBILITY CURVES 
‘Solubity curves. 
Fractional crystalization 
‘COLLIGATIVE PROPERTIES OF SOLUTIONS 
Why some proporties are colligative? 
Lowaring of vapour pressure 
Elevation of bolling point 
‘Measurement of elevation of baling point 
(Lands borger's method) 
Depression of freezing point 
‘Measurement of depression in freezing point 
Applications of bp elevation and fp depression 
ENERGETICS OF SOLUTION 
Hydration energy of fons, 
HYDRATION AND HYDROLYSIS. 
Hydration 
Hydratoe 
hyarlyte 
jective and short anew. ions . 
ecg i ser news guest 


‘A-sample of matter ath uniform properties and fred composition ls called a Phase. 
Example 

+ Water at normal temperature and presure isa sinle phase 

+ _Asolution of sugar in water is also a singe phase 
Lif 


‘Mhomogenous elstare of eo or more eubetances i called a woaton. 


‘Asolution composed af exo aubetances I celled binary eokston. 
Eample 


Solution of NaCl in HO. 


gpg ree tare mentee ede 
‘Arnubstance present in emailer amovat ina olution scaled olute, 


Bumple 
In10%% sugar solution, sugars solute while HO is stvent 


1 of nlite Aisolved in voloent te 
caf *@htton contafning relatively lrg amount of tou 
sd concentrated solutlon. 


suger sohition 
10% ugar solution ts more concent ban 5% SHE 


ym 


solvent ls colled aqueous solution. 


‘A solton tn which water te 


Example 


Solution of NaCl in HO eta the weight of eolute taccled per 100 parta by cofeme of solution. 


Exomple 


‘A 10% (w/v) glucose solution in water means that 10 g of hicase are presen in 
100 am’ of solution. : 


In this solution, quantity of solvents not known exact 


vant of eolte present ne gien amount of soloent Ls called concent 
‘olton. 


TES OS Ta What oe the concoction unis of sktions. Compare molar nda 


Tmahsione (For Comparison vee beloce molalsy 9 poge S07) 4 1m) Rercentone volemeheclaht (ne) 
Its the number of em? of solute Haroled per 100 of ecletion, 
Exo 
domme 'A 10% (uu) sohition of alcohol im water means that 10 cn? of akohol are 
Folleweng concentration units are generally sed. present in 100 go solution. Ne 


Pecanoge competion 2 Melony = Mobily © & Molefacion SP protic Ia this solution, total volume of sistion nat nawn exact 


Bescon Conc —| 


‘e) Pereentos eotemeletume (set 
Fete the vole of ote slo pe 100 cm! of oketon 


‘ram ae prea folowing may “This unit sed for skins of ns es. , 
1) Cerone Batiste (ett Emo 
te met of ete moe per 108 port by ec of eatin A 12% sohtion ol akcobeh wakes ears that 12 an? of aloha ae psa 2 
peteenacals 160 ew? of sotston. 
iy wegie = Meet sate fe such soho, eal cme of whom atc be ema oo sa. of 
Mas of sion umes of sole and she 


‘Some 
6S (uw! sugar soe im ener means that 5 9. of luce ave pest 


by weit Na = BAN, 
‘mass of solution pe 6 


Roywet i NG = F100 - 5B) 


+1809 (1 mole of cose ave soe 
Tea eae See ee Me 


Coen Cheat ad =n Se 
oa? gt mek) free re doe in wae and volume made Up ol et, 
Sing more 0 to prepare IM slison 


‘volume than 180 g of glucose, therefore, in 
rae Ma HO les then 1 mola glicoe sokiton 


ae Seon Pa 


1» For L moll suerase sohtion, 3423 of sucrose are dissolved in 1000 g of HO 


+ Malay of ston san net reenter of eof ste > 


‘+ molal aqueous solution of any substance i dui than ts mol solution 
Since in 1 moll solution quant of solvent seater 

«The value of molality doesnot change wth temperature but molarity changes. 
Tes because molar solutions are based upon volume, which changes with 
temperature, hence molaiy changes. But roll solutions are based upon 
mass which i not changed with empeeture__ 


‘kis denoted by 
Mathematiay 
Nuberof males of site 
> Mas of sclvent in Fa 
Mass of soite 
ima Bae Nebr of rhe = cs maascf sot 
Tus mec Massotsohte 1 
Molecular Mass of shite Mass of solvent in Ka 
Exacmles od 
cout 
1+ 1809 of ghicose when dso In 1h (10009) of water gues 1 mal as 


_ducote, Total mass of ths sohiion i 1180 g, However, tial volume 
[snot known exactly. To find the total value, density of solution is 


Bape Ss 


i 5 9 of toluene (Cif) 9250 9 of 
‘hatte the molality of « solution prepared by Ssoloing 55 of jules 
Sekiton 

e 


Positraction tc as nga ola 


[eet rae of throne oa 
‘oe mumber of iter of ibe compones eb sen 


istepresented by 
Mathematically 


re than two components. 


at ~ 
ving mo z 
‘Thi nti also appleabe fo asain hs utes Lat numberof mole of A, B E 
1d in a slutons nents in the s 
seid ames ee components ® Bet acaora oh of tee compos £ 
tre ny, ng and Ne 
“lion ae: ‘given by: 


wz] 
Cn tne mole froclon ond mote percent of och component In @ solution heving 92 
Poti ooh 96g of eet! aeabol nd 90 9 of wate 


‘This unit i used to expres very low concentations. eg. to express the cone. af 
sts in water. 
———————EEEEE 
=a 

Sr oier has 5.65 ~ 10° 9 of dissolved oxygen in one hy of water. Colculote the 
‘ezraton of axygen in sea woter in ppm. 


Mole percents are given by 
g Mole percent of ethy| alcohol = 0.2 « 100 
f Mole percent of methyl alcohol = 03 x 100 
/ Mole percent of water = 05 » 100 ='50°%) 


ttn: 
‘Mare of oxygen = 5.65 x 1050 


: me 2 times chemical 
Vajou concentration unis can be comet one another. Sometimes chem 
"pas provide solution whose molarty is given. H we want to know its seh ot 
mage tren we al to convert on nk ince. These earvesons ae usally dx 
sg formula masses and denies of solutes orstutons 


36% (wr ) HC. solution means that 36 g of HCl ae present in 100 g of se 
MascfHQ = 365 
Max of soliton 


Law’ of soluton weighs = 1199 
11000 ea of solution weighs = 1.19 x 1000 = 11903 
Since 

100 g of HC1soluton contain pure HCI 


11190 g of HCI solution contain pure HCI 


He 
ice 
talnigasecoaes cae 

Hence ait 
ee 
ee 
ieee se 


Molasy given by 


—a 
esriler HCIO, ls evallable from the market. The denatiy ofthe cid saluton to 1.54 


That le the percentage by weight of HCIO, 


Sate ont of HOO, welghs = 154g 
1000 em of HIO, weighs = 154 x 1000 = 1540 
Malanty of HCIO, solution = 92M 
Molar Mass of HCIO, = 10059 
‘Amount of HCIO,/dmn? = Melriy « Mol Mass 


Hence 
Total mass of solution = 15409 

Maes of HCIO, = 924.69 

MassofH,0 "= 1540-9246 = 61543 


“Thus % by weights are gwen by 
by weit of HIO, = 2248 100 = OES 
% by weight of HO = SB8 100- EB 


ox common type of akon i oid ini © 

"eter oscars a ao pro 
tere comma sea 

i 

ua 

tiene 


fore, tere are nine possible yrs of" 


a 


92 x 1005=%469 
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pina, COs in water 
ato by PA 
FCs, Haid wt 
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The solubility of sold aubetance in quid le called dlasoution 
“The process af dssohtion depends upon forees between solute and solvent. 


fame 
‘Dissolution of NaCl in HO 


BS. otitis Peineint 
Solubility principle sates 
ke dagoloes Like * 


aw 
seid. ons or melecles ae Bight packed and have sting intermolecdet es 
er a pace ot dnckson fe break forces, Tse forces a 

Sy sokae schent bueachons aod ths sod dawobved in the solvent 
sooo 


Je tonic sits, rong iteronic forces ae present. 
we 


Fox dmcksson, these forces ust be broken. Onby polar solvents with 
# th xpi cena pt ak London or ipl dpc forces Sg 


(omces con been Srese forces. Hence, lor sods are mostly dissolved in pow 
an be becken catty by non-polar schrerts. Hence, non-polar solids are 


} polar seitverts, 


poole 


Be Cane sugar sth ona Hoge boning rl I dsm che ram phar 
Catenin much 8 Keene of, perl, berame we beeen where can Tk 
tea H-bonding of cane gar 
But itreodiy dissolve in HO becouse they develop H-bonding foreach the. 

4h wth strong intanoni orcs in ot dashed in medal pola soe sch 
wescetone, But at once dese n polar 0. 


may be divided into three types 


Magulde ushich dlsoloe together In al proportion oe called complecly ‘miscible 
igus. 
ame 


Solution of alcohol in HO 
rah sation volume sderensed 


or absorbed during thir formation 
fracional dilation 


orn some cones nerenses 


Taont ore called partially iocble 
The guide hich diasolce together fo sme ale 


guide 

aah gtersater sytem, ait (ceteO-GHe) dts str 1 whe se 
eer upto 65%. eae 

Tht ua volume of ether ae wai ae salen ORE ayers are produc 

‘+ Water containing ether and 
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OS lo facia Tea tain coh = t 
Ss 
2 genet of ent ct in op tt he 

ec cape doar oe 


‘Bo ahreg quan wolame f shan an wane gether, two layers are prodkond patti 
Cher ae of ae ssomiring stars, and bes — 
= Leer myer of pour coring wae P= Vapour pressure of saben in skin 


aT guess Sb ter fam naan ote 
seer 2 US ss st ear aims 
‘pamper ter sham sun wien Nowe ler weer = sie 
Phase ne susan Jaxer ane lac comet ein. 
‘Doe lower nga ee renner Sarsity dine guar percentage of phen 
han emcee ena, oe ater seeves a> pent and more pee! 
foe wane. AC GST 2 DemageTous me of phenol and water is obtained Ths 
conn 365, chan and GES amar GC ie called woe consulate tenet * 
(scteaL suo eeu sf hs eee: 


P=P(1-m) 


Diferent sates tae the un conan temperature ad sonpostion. 
fo 
‘Wanr-Artine te Nas upper sola tamperaire of 167°C with 15% H¥O 
Nechenoi-cicchesane gate has unper conaane wemperature of 49.0% 


aPan 


“Th, Raoul law can abo be sed a 


: se ace proportional vs the male 


comeintet melee Buide 
From eq (3 ) we have 


Sawies 
Nater—Banaena ( HyO + CH) 


or 


oe 
Where 


Relative lowering of vapour pressure 


Thus 
Relatioe lowering of eapour preamure of « solution la equal to the mote fraction of, 
Facts about relative lowering of Vapour Presure 

‘+ Itisindependent ofthe temperature 

+ tdepends upon the conc. of solute 


+ itis same when equimolar amounts of diferent solutes are dissolved In the 
amount of the same solvent. incl 


Reoul's Low and Idealty of soletions 


A solution, which obeys Raoul’ lau, is called an ideal solution, Thus, Raoul lave 
help to disinguish the ideal and non ides! behaviour of solutions. 


ey 
Example 

The capour pressure of water at 30°C le 28.4 torr, Caleulate the vapour presser + 
‘solution containing 70 g of cane sugar (CisH/0,,) tn 1000 g ef tater at the som 
temperature. Also colculate the lowering of wapour preseure. 


Thus Mole fraction of cane sugar 


Mole fraction of water = x= 555 
020+555 


0.9964 


Hence 
‘Mole fraction of water = x, = 0.9964 


Vapour pressure of pure Water = P= 284 try 
Vapour pressure of solution 
‘Aecording to Raoulls law 
= PP xy = 28.4 « 09964 = 28.29 tore 

So lowering of vapour pressure = 284 - 22.2. 


forced 
Deedee of er wl acer ot bl pie cm 
rents crore et 3 hem rn of 
eran ee 
Py = Pak Py Pay 
vehi sapselad 
pareeraperednte 
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‘According to Dolton’ aw, total pressure of the slution te equal to the ou of be 
‘ndvidacl pressures of A end B. 

je PyePat Ps 

or Pe Pam + Poe 


Since nts oe mam 
Hence P, = Py (L- xe) + Pate 
P= Phe + ave 
Pym (Phy Pata + Pa 
This isan equation of straight re wih ope 


‘Graph shows following things és 
* Dated nas represent the vapour pres of 
exch component in the soutn. 


«© Vepour pressure of solution is never grester than Pt, or less than Py 
ie it remains intermedi between P", and Py 

“+ Vapour pressure of each component inthe eotion 
‘is always les than its vapour pressure in ure frm. 

‘+ Total Preanure of solution is equal tothe sum of individual pressures of compone, 
‘and Bin the sohition, 

‘¢9, consider the point G in the fig. At this point vapour pressure of A is Pf 

and that of B is Py (J). Thus, total vapour pressure of solution at G vil be 
Pi=PytPyetil+ 


(1) A olution, which obeys Raoul’ fou, le called on Ideat solution, 
4 (2) During formation of an deal solution, heat isnot evalved or absorbed. ie. ently) 
change iszero, 4H = 0, 
(8) Total volume of solution s equal to the sum of volume of components af scluten 
(4) Forces of atraction among moleciles of components remain same in the solufo. 
jst as they were in pure for. 


Examples 
Benzene ~ Toluene, Benzene ~ Ether, Chlorobenzene-Bromabenzene, Etny iodide = 
Ethyl bromide et 


Bites sorrinis} 

(1) A solution whlch dose not obey Raoott’s las le called a non-dea! rofutlon: 

(2) During formation of a non-ieal sition, heat may evolve or absorb. 1 
change is not zero SH # 0 

(2) Total volume of solution Is not equal to the um of volume of com 
Samy inte 

(4) Forces of atraction among molecules of components da not remain 2 
solution just. they were in pure form, g 


Examples: 
Ethanol Water, HCl Water ee. 


pores 


1 HBB A solution which de r= 
' oes not aby Roos 
law cae enon de! ston 
Dein omaton ct» none! soon, 
may evolve oF absorb i, ental 
change is not 2er0 (4H=0) sg 
Toil volume of scion nol equal 
the sam of volime of componenis of 
soluton 


‘A solution, which obeys Raoults law, 
ig called an ideal solution 

‘During formation of an ideal soliton, 
heat is not evolved or absorbed. ie. 
enthalpy change is zero (AH=0) 
Tolal volame of sokition 1s equal fo | 
the sum of volume of components of 
solution, 

Forces of attraction among molesiles 
of components do not remain same in 
the solution just as they were in pune 
form. 

Bamples 

‘Bengene — Toluene, Benzene ~ Eth, 


Forces of atzaction among molecules of 
‘components do not remaln same in the 
schtion js as thy were in pure form, 
Examples: 

Ethancl Wate, HCLWatar tc, 


Ethyl iodide — Ethyl bromide ete 


APO PRESSURE OF LIQUID-AIQUID SOLUTIONS 
Erarioe Q5. (o): 
Explain fractional dition, Justify the nao curves when compasiton is ploted opcinst 


bling point of solutions. 
esl Solution % 
‘A solution whioh obeye Raoul’ law x clled an idea stuton. 


Fractional Distititton 
The eparation of lgulde from « lqud mixture on the boat of ther boting point te 


‘hed Practical dltiation. 


ace 
nies '2 solution of two volatile component: A and B, Let A ia more volatile than 
eA has lower boling point than B i aa 
Let solutions of various composts ae mace, and of os 

mm is plotted on X-axis against 

aroha J 
Than wocamer me ctinesanominbele fees 
* Laer curve gies he componton 060 8g 

different temperature, wile fmt) hte 
* Upper curve the composiion oe ola, oe 

‘eum wn san ole — 


‘Two curves are obtained because vapoury and solution have different 


compotion 
different temperature. 


‘Composition of solution a given by C which have more B and less A, wile 

‘+ Compostion of vapours s given by D which have more A and less B, 
Since Ais more volte therefore at ech Yemperature, vapovis have more % ofA thang 
The Hguld mine lft Behind ts called residue ond the sopoure obtelned wr ney 
dattete 

The ditilole obtained is cooled and again dtiled. The re-dstiled vapour ul bone 
‘her in A than belore and Hh procens repeated many times then vapour vig 
tiche in A and residue wil go on richer In'B, Hence both A and B can be sepmried nag 
un over while B wl be let behind. Such a mixture called zeotrople mixture 


Zeotropte Mitures 
Licutda which date with chong in compotion are calted zactropse mixtures, 
ectopic mixture can be enly seperated into thelr components, 

xainole: 

4 Meth alcohol - water solution can be separated by datiation, 


Txareloe OF. 


What are non idea! solutions? Discuss thelr types and give three example of each 
Enareiaa Q 8(8) 


Exareiee Q9.(a) eka 
it axe sire? Epa her wth a hl cL raph? 5 = 


‘A solution, whieh doas wot obey Raoult’s ta, ls called @ now ideal 


They show deviations due to diffrence in ther molecular structure 1. s,s 
Annermolacular forces, 


Zhe eld mrt Heh bolo conan temperatura and dnl xt the 
shong® tn Composiian ie « pure tompound, ot ey ery ated 
m n 
eae tv nt tue chemical compounds, Because that cmposton canbe 
changing condions wich at preue, Whle connonton chose, cooled 
tera conti a fren temperate 


delaon 
Nor-ideal solutions show two pes of deviate Kes 
+ Positive deviations I 
«Negative deviaions is 
Vepour presture-compotion dagan for both =e 
souninthe = es ea ie 


Consider a solution of two components A and B, in ubich Als more volatile than B, in 
{2,8 Point C. vapour pressure of sluton is maximum, Thus, of his point boling pit atl 
Pemlmum. Hence, on dialing, fat tis mixture of constant cormposiion is detied over 
then the temperarure wil ie and other component vil pa over. 

in ich solutions, complete spareton of components isnt pouuble, Only a pure 
‘erponent and a minimum boling azeotople mish obtained. 

‘The aseotrople mixture boiling at minimum temperature than any of te componant la 
‘aled mindmuns bolling azeotrope, 

*. 

Ethanol ~ water forms azeotroplc mixure with ehanel 95 6%. It bol at 78.1 °C, This 

‘empersture is less than the boling pont of both ethanc (78.5°C) and water (100°C), 


Moraes Devavione Maxdmum Bolle Aeotoss) 


Liquid sotutions, which have minimam in thelr eapoar pressure carvé, showe negative 
‘dvlatlone from Reoult’s low. 

Govt esoion va conponsAadB nih A bree an. 
nf, a point D the vapour pressure is minimum, hence, boing points maximum. 
point Hquid mice das ew wihout change in compoxon i clled maximum 

Solingsxectope, 

This, two components cannot be sparad. Only one component and 2 onan 
Saha reotepi matures ola. mm a 

The axsctropae bolting at maximum temperature then any af tie componant I called 
om balling azsotrope. 


Clorms azeotropic mixture wlth water, which bolt at HOP, It contains OPEL 


The naation conning marian amount of ole ot 0 Gen temperotr te a, 
‘scturated solution. 


The roan in whch more slate can bu dnolaed sen tempertive i ey 


‘uneatureted sohtion. 


14 te the concentration of solute in sabtion iahen 1 Ie In‘egullbriu wth the sty 


‘substance in its saturated solution ata given temperature. 
‘Solubility is expressed as number of g, of golue in 100g solvent, 


Generally sohibilty increases with incase in temperature. 
Examples 
‘ALCC, sohibiliy of NaCl in Hy0 1s 375 g /100 g of HO 
> ‘At OFC, sohubty of CuSO, in H,0 is 14.3 g / 100 g of HO 
‘At 100C, sohibilty of CuSO, In 140 is 75.4 g/ 100.9 of HO 
Explanation 


When a solute is dissolved in a sohent, its molecules or ions break awa and diene 
the solvent. Thais called disschution, 


If solution becomes saturated uith sohte, then ions or molecules may re-unie to fom 
reciptate. Thi scaled 


In 2 sonurated schiton, 9 dynamic equilibrium is extablshed bericen sold solu 
mone scutes stage tae of diaoltion becomes equal to the rate of cystaliaion 


‘this erperotue, maximum amount of solule dssohed insolvent is called slut 


Doesnt od titi 


Fe staat schiton of solutes prpared Ina ghen advent. 
+ Sehston tered 
£ Akoown vokame ch this sohitom Ws evaporated until sold residue i left behind 


+ From the mene of residue and volume ted, solusliy 
\ of solution evapornt 


A araphlea! representation betinean temparaiure on a substonos 
Porgy mparature and solubility of | 


‘These may be oh 0 types 


alt 


‘These may be of two types 
{ulnceesing Solubility Curve 
(Wieresina Solubity Cong 

Formany svbstancesintease in temperature 

Increases the solubiiy 

‘Thus inctessng soubity curves obtained, 
aml 

Solubility curves of KCIO, , K,Cr,0, , PbINDs)s and Cac, 
‘Sohubllty curves of NaCI shows onky sight increase from O°C to 100°C 


li) Decreasing Soibitty Curves 


For some salts, increase in temperature dereaes the scully of salt, 
‘Thus decreasing solubllty curve is produced, 


Example 
Solubility of Ceg(SOqh, decreases with Increase in T upto 40°C, Alter 40°C it becorca 
cont 
Pucntiawone Solubity Curses a 
Thee are not smooth and shoe euden bess 2 
Siena nana S| 
i 


np 


es 
Slutty curve of NSO, 10H,0, CeCh6HOee — | 
In these canes, actualy a new phate oppean at the 
tain ie ly a new pb {rem 
Thus, net curve isthe solblty cure of ths new phase: 
Hence discontinuous solubility curves ere sctualy combinations of two or more 
<endnuous soli cures 


Pi ftraration of wold oubetace ram's maton 


nal erytalization. ae 
11m tachnque for separtn of mpurites rom chaméa Produ 


by 
Horn, but sob of KC, KBr 
vemperebve 
0. solublty of KOs rapily changes wth 


ym 


‘ale 

‘nine etc changes gradual 

Thus one subanee may pret ei by col, leaving behind che yg, 
sotuton, This the bast f Fractional Cyiallzation 
edd pat sou a te nt soe os soln sole mut bey 
‘than impurities. 

‘As the hol solution is cooled, pure shite erystalles out fit leaving impurties in 
solution. Thus erie product can be pied si 


=== TF 


What are the coligative properties? Why are the called 3a? 
COLLIGATIVE PROPLIRTILS OF DILUTE SOLUTIONS 


‘The properties, which depend upan number of particles and nat on thelr nature, ar 
called colligatioe properties 
Examples 


Lowering of Vapour pressure, Elevation in tolling point, Depression in freezing pan, 
Osmotic pressure 


ive are colivati 


‘Pure water has definite vapour pressure ata glven temperature. 

Suppose 6g of urea, 18g of glucose and 34.2g of sucrose ace dissolved in 1 hg of H/. 
Each ofthis is 0.1 moll solution and contaln equal numberof solute piles. Le. Ui0 te 
‘Avogadro's particles ie. 6.02» 10" 

In all these cases, lowering of vapour pressure is same, The boiling point of solution 
‘eisad by 0.052°C, and eezing point of solution is depressed by 0:186°C than pure H.0 

“Thus lowering of vapour pressure, Elevation in boing point and Depressi in Freie 
‘Point ate same in all cases due to same number of particles. Hence, these properis 
‘aed coligntive properties. 3 


Eeerelee Q10 (i): What the pycl sigiflance of Ky and Ky values of solvers $ 
Hole Boling Point Constant or Eiadoesople Conatant 


et 
1b the eles tn baling pol, which ts produced, when 1 mole of ot 
asoned in 1g of colent, os 


Hei denoted by 
Example 

a 
111 mole of solute e.g. urea (60 g), or sucrose (342 g) or glucose (180a) i is™" 
HO. The boling point elevation af water is 0.52 °C, Hence k, for water Is 0:52°C: 


Soniance: tele cbs how much een of eng pl wil ecr for 2 ae 
‘oll of sohtion. e.g for unter the elevation ina metoon bated =! 


ing Porn Comsat 
‘penton Poet Cont 2 Cerne Conn ———— = 
iw the depression in freezing point oe 

ler paren “Hehe pode when ¥ ma eae 


Wtisdenoted by hy. 


1 mole of solute e.g, urea (60 gor su 


ose (424) or. 180g) is dsoived Ia 
HO. The depression in freezing point of water Te ee ate acd 


15 LBC. Herc, b for waters 1 BEC 


Simian: tl bout how much depen of eeng pit i ocu fro prev 
soli of solution. e.g. for water the derasion nfp. would be 1 B6*Cimolc alate, 


exdons Far Normal Coligatioe Properiaa 
* Solution must be dilute 
Sole must be non-volatile 


Solute must be non: electrolyte 

F Sra dome Tl 

[Stone popes hg wee of nooin a deem 
20 developed the solution theory. 


a 


rina colligatve property? 
“Hote eo you explain thatthe Torin of apo prearre fs 2 <otiaee 
Hote do you meanure the moter staf non wt 7 


ola 


or nonvelactrolge solute to devo a 


non-colatile, My = Mol. Maas of volute 
Tararad, This te called lscering of eopour pressure, a) 


puteg (2 )in (1) 


But uhen a non-velate, non-lectobyte solute added 10 i 10 form soliton, ry 
nrtana weap by solute peices. Hence escaping tendency of solvent is deceng 


thus ts vapour pressure is lowered. 
Using this equation molecular mau of solute "M' can be determined 


ample 10 

Par benzene has « vapour pressure of 122 torr at S2°C, When 20 g of « non-voletle 
ite rere disvolved In 800 g ef bencene,o vapour preseere of 120 torr was observed. 
(lalate tse molecular mass ofthe solute, The moleclar mas of banaene i 781 piel 


‘eaten 
According o Raoult law Maa of ute X 
‘Redes Lavering of oapou preseure equa to mol fraction of soa Nese ofschent benzene 
ae olor Mes of benzene 
ue Gee) Vapour pressure of pure oe 
‘Vapour presse of slut L 
Were Lowering of vapour pressure { 


‘Molar Mass of ‘X= Mz 


OP = Lower of vopour 
Hever Molar Macs of clues given by 


? = Vapour pressure of pure solvent 
1% = Male Fraction of solte 


+ eaphiai explanation ecg pa of slain. 
explanation for elevation of 
Figemine the botng point elevation coche 


Where Wy = Maas of sokite (g) 
W, = Maas of solvent (g) 


‘A liquid bolle of @ temperature ot mich its vapour pressure 
becomes equel tothe axternel prearure. 

Let AB is the vapour pressure-tempershire curve of pure 
solvent. This graph is made by measuring the vapour pressure of 
pure solvent at diferent temperatures, 

‘When 2 non-volatile solu is added tothe solvent, the vapour 
presure of the resulting sohition is lowered, therefore, vapour 
‘reaure-temperature curve of solution, CD lies below that of pure 
solvent 


Let external pressure is P*, 
It dear from the graph that solvent atsns this pressure at Ty and snts bls 
‘However, solution attains this pressure at T,, which is higher than T;. Thus, solution bak: 
‘biaher temperature than pure solvent, 

Such that T,=T,= A, = Elevation in boing pont 


Generally, higher the conc. of solu, greater will be the lowering of vapour pean 
Hence higher al be the elevation in boiling point. 


Thus elevation in boing point dec proportional to molalty of sn ie 
ATeeivem 1 
Where 
{= Elevation n boing point 
te» Bbulocopk conan! 
im = moat of whion ia 
‘Accanding 10 €6 (1), 64 of rea oF 18 g of glucose in 500 g cof water (each i 0 
schiton) bove sere devation of bing potas Ve. 0.1°C whic Is 15 th of 0524 565 
8 a ccAugatrve pwoperty. 
Se 


Whol, 


1210 
Where Wy = Mas of solute ( g ) 
W, « Mass of solvent (g) 
My = Molas Mass of solute ( g ) 


In this method, solution is healed by vapours of bling sohent 


Aepeatun 
hears of 
} Animer boting graduated tube wth a hole nthe side 
| Aboting ask, which sends vapours of sokent tothe Inner ibe 
though arose head. 
} Ar outer tube, which receive vapour of bat sohent trough 
thehale of Iner tube. 
} ABectmann thermometer that can ead upto 0.01 K. 
Hon 
‘small amount of solvent Is placed Inthe ner botlng 
tbe. ts bold by the vapour of solvent coming rom bling 
Sak. These vapours boll the solvent nthe tbe by tha ltt 
teal of condensation. When solvent boi Hs baling pont noted. : 
Now supply of vapours ecu ofl. A waged gusty of ch added to the sve in 
Seo woop toto gro tn, ee of ig 
tof ction and soln! qet the avalon i botlrg pon 2 
‘ter noting bolling point, volume of voluton 1 alto noted to calculate the mae 
hen) 
‘Molar Naas of soluta can be determined bythe formate 


My = ahi 22000 
an 


Wi 
Ri 
xoau = 

ot of water a 9.7000. Te a tl om 
Shae moteur mae 68 nl ef 


Se 


Mess of shite = wy = 249 
Mane of sobvent water = Ww, 09 
Moai BP. content of waters by = 052°C 
Matar Mass of sotste= My= 58 gol 
BP.dpweweer = T= 875 
Bieveton in BP.= AT,=? 


Hence BP. of sokiion =T + AT, 


= 975+ 0356 =[ 1000885] . 


err 
Freezing points of solutions are depressed when non-volatile solutes are present in ist 
toheerts Unify Plt a raph to eaborte your answer. Also, give one mata 2 


penne ; 


The diference tn the frcsing poh af sation contziniag_ non-oki 

lectrolyte solute and pure solcen scaled depression in freezing pot. 
tis denoted by AT, 

Esolanation 

Freesing point ofa lguld le dafined oe the T at shich 
old and liquid phases have nama oapour pressures, 

[At frezing point both quid and solid phases are in" 
exultum oa 

Consider the vapour pressure- temperature cues of 
‘pure sold solvent BC (sublimation curve) , pure liquid 
solvent ‘AB’ and soluton ‘ED’ as shou inte ig. 

Vapour pressure curve of sod solvents more sieeo 

‘showing that the chanae in vapour pressure ls more rapid with temaperRiuls+ 


‘freezing point of solvent both sold and 
sve vopour pressure. H oczum at point B, 2 tis the heeang pont el eo 


ed hs eli lhe 


thocous at pola E Sot isthe fexng pont foun 
‘nce Ty > Te . therfore rae 
‘och hat 
aheT-T 


The demon i ong po dc eprint cay of ion Le 
rem 


xm us 


m= Molly of soliton 


(ir ae: oer 
‘Since Molly = Far Mass of sos ‘Mass of scivent in Kg 
aM, 1 
Mt Woo0 - 
o m= He, 100 (2) 


Whore W, = Moss of ute (9) 
‘Wi = Moss of sont (3) 
My = Molar Mass of slits (3) 


Pateg (2) in (1) 
Una th equation Mot Mat oun (Me) eanbe 


\ 
maa 


yy 


a 
BENE Gcionoms meting "| 
ae 
Iteonsiss of 
+A freeing tube with 2 side am fired uth a Sime 
Bachmann thermometer. thas ser and contains ‘ 


solvent or sohtion, 

‘+ An outer tube surrounding the inner tube. on 
Space between outer and inner tube Ea 
behave as ar jacket for slower mee 
tnd uniform rate of cooling = 

“+ An outer vessel containing freezing 
misture eg, ice and water with stiner 


Working 

About 20-25 g of solvent is taken in the freezing tube, The bulb of themorests 
dipped in the solvent. Fmt. an approximate freezing point of sclvent is determined b 
<irectly cooling the tube in freezing mixture 


Freeding tube is then taken out. After re-meiting solvent, it is then placed in airacet od 
cooled slowly and accurate freezing point of salvent is noted, 


Now about 0:2 g to 0.3 g of solute is added tothe solvent. The freezing point o sas 
's determined by sting the solution, 


‘The difference of freezing points of solution and solvent gives the depression in faci 
point 


Molar Mass of solute can be determined by the formula 


My = tL, Wex1000 
aw 


a 
Example ta 


‘The freasing point of pure camphor ts 178.4°C. Find the sszing potnt of # 
fontaring 2 9 of nonotatte compounds hexing molsceor moot 1601 ™ 
camphor. The molat freasing point constant camphor is 37.7 °C kg {mol 


‘Salutlon 
Moss of solute compound =w, = 2g 
Mass of solvent camphor =w, = 409 
MolalF.P. constant of camphor = by = 37.7 °C kgimol 
Molecular Mass of solute = My = 140 g/mol 


Freezing point of pure camphor = 7 
Freezing point depresion = aT, «7 
Freezing point of solaton =? 


Depression in FP. i given by 


wg, 2000 
ates ey 2000 
7 Mew 


2 1000 
= 87.7 xe 1000, 
aT 87.7 ee 


Hence FP. of solution 
carom) e 


In intr, water in radiators of automobile may freme. To pro‘et tis 2 sou ethylene 
Sols added o it. Its completly misc with H,O. It's alto almost non-voate, Thus 
epremes the freezing point of HO. Hence, prevents the freeing of weter in win. 

insurer, protect the relator rom boting ove: . 

! Razaction of Freexine mature 

When NaCl or KNO, ts aided to HO, I rzing pont i fowered. This mistress 
*sfreing mixture n an loe-cream machine. a 
=a "4 

ioe GIG: 

Pieuse the energetics of solution. dusty the heats of solutions os exothermic ond 
Beahermic properties. 


Jnl emount of hast ebnorbed or evlond when eabelnce I dacloed in 
"a sohten te called heat of slain 
The enthalpy of  solsion of e mbetnce Us dfed nthe heat changed whe on 
ieee nubernce essed especie ner of mat ef slut «gen 
‘mpereture, 


is dened by Hy ts thé het fen ent ion 
Some 


0 (10), 2008 el eneay 
When 1 mole of NaCl (66.5) ls solved in 10mole of H,0 (1609) 
seh 1 ale of Nac (5855) 


+ 2008 Kim 
Nac, +1040 —> nacitcHjo) oH =* 2008 


Explanation 

{) When @ solute Is disolved In solvent, folowing things 
occur, Moles of solvents move suay from eich 
other. Thit process requires energy to overcome the 
cohesive intermolecular forces, hance its endothermic. 

(i Solute molecules separate from each other. This process 
also requlres energy hence its also endatherric. 


(Wt) Soke and solvent particles develop forces for each other 
cane eneray ls rokeasd, Its an exothermic process. 
‘The exothermic oF endothermic nate of process 
depends upon the strength of two lypes of forces. 
The process of dissolution ocours with elther absorption or release of energy. Ti 
‘due to breaking and remaking of intermolecular forces between solute and solvent 


Examples 
When KNO, is dissolved in water, Temperatures decreased showing endthem 
process 
‘When LIC| is dissolved in H,0, Temperature is Increased. Thus it is exothermic proces. 
Mathematically 
He Han ~ Heep 
Where OH. = Enthalpy of solution 
Hasan = Heat content of solution ae formation 
Heepenmes Heat content of components before mixing 
Both Haat 8d Hata can no be calcula 
Only AH, cn be calculated 
= AH te-ve when Haan < Hy 
\ Hay ls +ve when Hoses, > Hamoane 


io 
When an tole compound ws doled insolvent. Some forces develop UMS it 
solid and solvent. Ths process releases enengy, Ths energy realensed utimal 
latice of lone solid and it dlasolves, 


Disolution of KI in HO takes pace in io steps 
+ Init stp lative of Ks broken down duet sohte 

solvent interaction. This proces reques eneny hates 
itis endothernic. The eneray required to beak lates & 


caledaice ener, 
The process me} 
Ke kar ae 
okalacsols, amasmstinstae i ee 2B 
Trg pivainn php ie | 

ia we {ne 
wiAe Pe See 
pore UK 7 

ep om a7 

ry bog 


tn gecond step, K* and oes produced are surounded by dpe of ater. Th process 
‘scaled hyrdeaion or solvation. During ths proces, ene is elesed It called heat of 
iytition. eg, 
KP 41+ 31K > Keg tlw 
Thus, overall procs is 
KU4 WHO —> Kg t lo 
Diferantions have diferent heats of ton 


‘Beet of onc atze on Hydration Eneray 


Gan the ‘mon 
wi Ceteiiy rnter tha ln ro 


Divalent and Trivelent lons have greater heat of 
‘Anions also show siallr trend, 

te Difutton 

Oh adig sn Ht Nl en, he LI Sy 


(force depends upon the amount ol unit 
Sts er folio fac SO a 


joposiioe lous, ele a thebestof ration 
ytaton duet age charge dense. 


‘0. 
Thus heat of solution at infite l 
NaCl + HO > NaCl 


Ww) 


a 


A 


aa 

Pe reac 
on ae aan 
‘eopienasten 

Water isan excelent solvent It diasolves varus fonic substances because of hyde, 
File pekrephet pote 

Tne sek eal aid eine lua ro 

However, when weter solution of a aalt It evaporated, the salt crystallizes out wih 
ee ae oe a ee ace cot 
peepee are ry ieee eigen 
paren 


General, tora with amallr sze and high charge dinaty (2. +Iva fons ) have mst 
atractin for polar watar molecules than -ve lont. Thus, In CuSO. 5H,O, out of Ive wit 
molecule, (our ara anached with smaller Cut” lon and one is attached with SO, lon 


The cpetalline substance, contcining chemoalyombine 
proportions a clled hydrate 
Examol 
CuSO, . 5 HyO , NegSO, . 10H,0 . 
‘In CuSO, . 5H,O , four H,O are attached with Cu** and one with SO,*~ 
(Preparation of Hudrate 
Hydrates are prepared by gvaparating thelr pqueous solutions. 
‘Hydrates are not limited to salts. Acs, bases and elements also form husiabas 


Water of Grovtttteetion 


+H, w, aree 


‘The at need fort 
sae melee, wh a mcd eth compound when eel 
Examais 
(COOH, .2H,0 (Onalic ned) Baty. 24,0 
May 64,0 NaC, 10140 
MgSO, .7HyO (Epaom salt} CaSO. 24,0 (Gypaur) 
1NayByO,. 1040 (Borax) 


81 produces can en alot ending in was 
jatbprir caetaccees rs 
Caton hol produces ac lion 
MU HLOH arm MOH + Hace aon 
Anion hydrolysis produces besle solution 


‘These fons may reset with 


Av+ HOH NR + OH" basi sluton) 
Generally, salts may be cased ito fur types 


4, Salts Of Weak Rave With Strong Acide, 
9, CuS0, Jtlonles as 
Cuso, =cut + SO 
Cult+ 2H-0H <= CulOHl + 2H" 
‘Thus 2g, solution of Cu80O, is acid, 


acer) | 
AC, + 3H, <—= AIOH), + 3H* + CI” 
NCI+H,O <> NHOH +H" + cr er 
Thus, thase hydrolysis eaclions produce weak bases and song ack Both Cl a 

so) kent tat arg a I septic Ty 

Pet hydolyzed by wat TH are ee in solution, therefore, their solutions are acidic in 

fee, The Klas ro HC nd FSO, ney Naha oar KY of 

AVON), NHJOH and Cu(OH)y 


* Sale Of Strona Base with Weak Ac 
9. CH,COONa . It ionizes as 


0+ a 
CH,COONe ——EHCOO's NO 


+08 


CH,COO"hydroaen wt t prod 
CHyCOO- + HOH === CHCOOH 
Thus 2g, solution of CH,COON i bei 


(Other Examples 
NaPO, , NayAsO, te 
“These also give bas solution due to formation of Na” and OH” and weak acids po, 
and HAsO, respectively, which are not ionized. 


3. Sale Of Weak Bose With Wook Ackt 
‘By adding such satin water, resuiting solution may be acidic, basic or neutral depening 
‘upon the pK, and pi, values of acid and base produced. 


‘ample 
(CH,COONH,, NH,CN ee 


4. Sette OF Stromg Ack Wish Strong Bowe, 
9. NeClioniaes 2s 
NeCl comet Nat. 
Both Na" and Cr are not hydrolyzed by HO, therefor, it's sokution wil be neta. 
“Thus sa of strong acids and strong beses are not hyrolyar! by water. 


ever Exar 
‘NaySO, . KBr, KOI et. 
‘Teas sais of strong acid end strong bases are not hydrohzed by water. 


This proces: does not change the pH of 
the sohition 


a6 


(ian io 2012 (Cpa bt 208505 
() Acotution of shacove bv 10%, The veins wich 1g mle ci fs sled 
(a) 1 dm? (0) 18dm* (e) 2000" ‘aoa 
(Men Boor 2012 Sx Bar 212) 
(r) Am equeous solution of methanol ta wate has mpour preesre 
(elequal to that of water (0 equal that of mefanal 
(more than that of water (@) ies than that of weter 
fcr Bor 2010 Spt Ba 2) 
(9 Am azeotroplc mlature of two lguids tole at « lower temperntare than ether of 
Ahem wen Fada Bo, 09) 
(2) itis saturated 
(0) It shows postive deviation from Raoul kw 
(©) Itshows negative devin frm Ros 
{@) Tes metastable 
(0 tn-areotroplemlzture showing pout vation om Reo’ aw, the roams of 
fhe mature tn 
{2} Sigh more than the tot volume ofthe component 
(©) Stghitly les than the total ohne ofthe components 
(6) Equal othe volume ofthe component 


(016% sokation of urea (2) al hve the some bong PSS 
2 tan pa Bot USB TOES 


1 Nn tonne me te en 
ori 
nal Reiter pone 


y 


(2) Colligative properties are the properties of 
(a) Dilute solutions which behave as nearly ideal solutions 
(6). Concaiated sluone ubich behave as realy nondeal chtons 


(@) Both (a) and (b) 
() Neither ( a) nor ( b) 
(Beranipu Boor 209) aun Board, 208) 


avec Stig 100 
Aa Pleas 
Manta lot» 3 
stim 
soe 8 nla manent a 
Sahai imate 


grade olga = 180g 
1 tls reare LO gol hot epee 
{Oden at vd, Tae 

dp ot duce am present nahin = 100 en? 
180 gol ducted be pre elton 
eerertrey 


a 
‘ergata neti ry han nena 


BESW NACL 18% gcc ond 60% ra olor 
teva Tel stone Honan Nantes 

‘Serge douse number tn Duelo gic 
‘ee soir n Rn ga 


"Beaten nbodng it gen 
aticiarmor Hea, 

Hever. ro ote po contr he ao 
tireeeton br pelt 70 mal 


a 


oe 
|| Pe 


Mears of deo = 180 
Sf 38 oy 
No meas of gros 15, «0 weir 


Moiccdormasofuater= 164 
‘2 


tale fates 22 Smolee 


Thus mae facton of coreg GOL = 


Dezel alse 
2) 


Enel and wat forse enone ton Ts 
‘elton sho patie otra em Rel 
ese, vp pres of ton wl 8 


| 


re lrpaion tenon trons =e 
Sein fr paca n,n ez 
Ika dese Tere ees 
toa saoy fom ch aber Hees, stan 
‘Shon nase 


Tot Nl and Kona nate ome 2, 
ube namber offre. When ane mods oC 
Chee che spr in fixed a0 

{hey reduc same manera ene wn EE 
‘oh ae soos wl ave ae abe 
‘patil sep pes lovee 


ee Eee, peer 3004 MVE as 


Acton aon erste. Terre 
‘ete aly andcllgnve rer 2 


Iadleate True or Fale from the given 
(0 ‘Ata definite temperate, the avr of solute ina strated slum ive 
{i Polar solvents readily cisolve non polar coulet compounes 

Bi) The molecular mas of an elo dalemined 


(4 The rate of evaporation of a liquid inverse 


fat Hdraion and hydrolysis are cfrent proces 


HT 


a . NAOH conan 
ti) When an azcotopicmiureis dig ig 0StNOH ng of water 
ih] Theol freezing point consan: sao lsoam ns cos 
1 The boling point of an axzobepie sues ora, 
them becuse the chition shows hon Rasutsiee © ME than ber of 


(Among equimolal ag, soltions of NEO 
Inltecng pitisehoum by. acy BaCh and Fe, 
(a) A sclulon of ethanol wale shee 
soluon with__boling pant han onatcanpernee 77 S05 BeOtoni 
(wi) Coligsive propels ae used cals et mone 
(3). The hydration energy of ev ionis anne 
(8) The aqueous soliton o!NHCls ——une that ef No.S0 


he maximur: depression 


‘6.02 X 10 (i) 90g Gili composilen Yi) ervosconic 
i) FeCl, = (i) pointe 


ering of vapour pressures 


less than the theoretical molecular ass. 


{id The rate of evaporation of a Lquid is versely proportional tothe intermolecular 


forces of attraction. 


() The solubility of a substance decreases with increase in Temperature Ifthe heat of 


‘solution is negative. 
seep saee proporional tothe intermolecular 


forces of avacton 
"41 All solutions containing 1 g of non-volatile, non-lecbolyé solutes in same solvent 
sl have the same freezing pon 
(Wa The ecg pont ch OES ial soon of renee woe sO. 
or NaS, 


3" hyration energy of en on nly depend upon 8a 


(ote 


Gata 


2h Trae” "G0 


{sii Fal 


Se Fa 
(aisFalve 


= aa 
(e) Abemepeeoe phase (0) Zentrope solutions 
(C1 A concentrated solution (4) Heat of hydration 
(4) A solution of solid in a solid) Water of crystalltzation 
(GA connate temperature (Assoc slution 
(9 Anowidea eoltion ——_() Conjugate elution 
Solved in the chapter 


2 ee 
‘QS l@) What ore the concentration units of solutions. Compare molar ad wl 
solutions, 


Tahed on Pope BOA 


(©) Or has one moll eatin of NaCI cd roll waa of lucene. 


(0, Which solution haa greater number of particies of solute? 
NaCl dissociates in H,O, while glucose is not ionized. NaCl produces Na* aad CIs 
‘Thus number of particles are increased. Hence, 1 molal NaC! solution conta a 
‘number of particles than 1 molal glucose solution. 
(00) Which soketion hoe greoter amount of the soloent 
Both are 1 moll solution {e. 1 mole of solule Is dissolved in 1 hg of solvent. Thefet 
both wil have same amount of solvent, 


(0H) How do we convert these concentrations into eight by weight percestoge? 


of Juco dusohed = 1808 


ol chert uter) = 10008 
1 eo NaCl dace Vig ot ft mane cf ohiton = 1000+ 197 
fenton, = 11800 


x _ Moat of uct _ 4300 
“Fool mas of ob0H 


= 10. 309 0 
ot cone 16 5100 EE) 


of cone 


etree Ham ot NC, 
Total mae f solution 

arc 85, 
15100 6S, 


10 


=== 


Bert 207,201 Haden Bon, 25} 
akon opie 
ee ———_____ 96 en a 20 
alaliyis defined as the number moles of sole dsolved nig of sent, while 
iyi defined asthe nuriber of mole foie dssobed in | dn of slenon 
Sie molality is based upon mast, therefore, its cdependent of temperature While 
sty is based upon volume, throne, i varies wh temperature due lo change 
ke. 


atthe concentration of e molar soko change by. 


ie The sum of mole Fractions of al she componenta ls alacye equal to unly Jor omy 
volition. 
(Pasta Boar, 2008, 2013: Lahore Boa 200: .G. Khn Board 2012 Maton Bord, 2012) 
on Prove that au af mote fractions of ll components eee equ Le ane, Fund Sort, 28) 
Consider a solution of two components A and B 
Latmoles of A are ng and that of B are ma 
Ther mole fractions are given by 
pe) 2) 
The sum of mole fractions wil be 
q+ %2 (3) 
Puteg (1) and{2]ineq (3) 
or = BABS 


fae isn aon i equal © one 
ec, sum of mole actions of diferent components in 1 


oo ne a ae = 
S00 of 585,50, fo wohune of 4 = 
98% H,SO, hasadensty =27! 


Mass of H,SO, = m= 1009 
Volume of 80, =¥*? 


AAT / ARP 


io) Relative lowering Of eapour pressure is independent of the temperature. 


tN tedaed Bord 208 rpc Bor, PO Rann Berd, 2007 Gon 
‘cording to Rocul’s 
Fate lowering of vapour presauresequal othe mole faction of solute 
2 
ie Bon 
Where F Relative lowering of vapour pressure 
While x2 = —"2— = mole fraction of solute 


Sirce number of moles are not changed with temperature. Hence, relative lovers 
vapour pressure is independent of temperature 


Coligatse properties depend upon number of sokite particles. If slut dasa 
then ‘wil tone and change the number of particles in the solution. Hence, a=! 
coligatene properties wil be observed, 


)_Colligesoe properties are obeyed when the solute le non-electrotyle, 


en tei] 
(dae Eglo ah recon (Capers Board, 2009. Rade Boar 2012 Maun Bors) 


Far 1 moll solution, 1 mole of uea‘sdscived in Yh of watered? 

However, 

For L moter solution, 1 mole of uea‘s fist taken in a messu fash ae hen volume 
‘nade upto 1 de? 

"Hence, 1 molar Solution contain less amount of HO than 1 mall skson 


{Gi What are non Ideal volutions? Divcus ther ipes and give three comple Geach 


‘B_@ Explah fractional detltlon, dus the tod cures when compoation I 
plotted against bolting plnt of slutons. 


{ite solutions abowlng positive and pegstve desetions comnot be Foconally tiled 
‘tihetr specific compositions. Esplai 


FW Wht ore accotopte mista? Enyce ta oh the lp of aoph? 
GR What are axzotropes (or aasotropic misture]? Giee one exe, 
a fsbo OOF Seed MOF Lae Bo 210 Booed Bard 208 SoBe Bo, 


[2 aE al 
Bia th ect of tmperatare on pienobocier eta. 


Cofligative properties also depend on the fact that solution should be dilute #0 


| 
have aoe 
sonsion 6 


hae parte behave eebependerty 
In cone. schibon, white partes don't behave independent. They 
ach oer. Ths, normal coligative properties are only observed when the 


3 greater than in solution. Thus, it shows positive deviation from Raoult 
formation ofthis solution hea is absorbed and volume changes , 
Hence 100 cm of Hy and 100 em* of alcohol may not be equal 220067" = 


urea, but the number of particles 


Sbedon Page 514 


rong 
U0.) What are the coligatonproperen We os ni Rosai | 


(DG. Khan Board, 207: Lore Bord 


® 
rte ioe Si ar Bees Bas 


Bae, 2012) 


College Chemistry: Parl a 


ee ee ee 
Ot ee se me a | 
5 eee 
i ting ofl af amie lt eat 
pied dae ear oop beni 
serge the tine rs —~ 
‘When a non-volatile, non-electrolye solute is dissolved in volatile solvat, ts p 
presi lonered Tan wo bl scion mare heal & aural eee 
Pressure cual external preaae: Hones bling pemcofsoaroe eae 


(®) Freezing points are depressed due to the presence of solutes 
(hore Board, 2007, 2009: Pasalubad Board. 2010, sol: Rawalpindi Boor, 201: 4 


OR Way the freezing point of the solution i akways less than the freezing poin of 
solvent? 


(Pasctand tal 


‘When a non-volatile, non-electrolyte solute is dissolved in volatile solvent, is wpa] 
Pressure is lowered. Due to lowering of vapour pressure, solution freezes belo i 
‘freezing point of pure solvent. Hence, freezing point of solution is depressed. 


pes chet Par 


it requis m 
gore prevents boiling ver of HO." WCh greater bea 
BinaCl or KNOs re used 10 lover Ue met 


Sebo 

10 bol. Hence this 
pon 
When its vapour 

efrapout pressure, solution freezes below the lreering mane ted: De to lowering 

Solow effect. vellhave mare 
Hence this mitre used as rering miureeg.inan cera machine 


5 What ts Raoul’ aw. Give Wa Urce saloon TOS WE 
89 imderstand the ideality ofa solution ee He Misa Gan Belpre 
Salon Page 515 
Gq. Give graphical explanation Jor elevation of Tolling POON OP TCOGEOS 
Oo Deveribe 


Fir elevation of Bling port ofa 2a 
‘one method to determine th bling pawn tetedon gisele 
Siealon Page 527 


is. Freezing points of sohitions are depressed when non-volatile oolutey are 
Bresent in volatile solvents. Justify it. Plot a graph to elaborate your 
‘answer. Also, give one method to record the depression of freezing point of 
solution. 


(@) The boiling point of one molal urea solution is 100.52 #0 but the boilngpi——220tution. 


2f tw0 molal urea sotution is lesz than 101.04 °C. aie 
Elevation of boiling point is a colligative pro al ealigative pe 
observed when the solution dite s that each slite particle behave indepen 
‘Two molal urea solution is conc. than one molal solution In concentrated 0 
solution, solute particles do not behave independently. They have attractions 
other. Hence one molal solution boils at 100.52°C. While two molal soliion 
abnormally below expected at 101.04°C. 


(4) Beckmann thermometer is used to mote the depreasion i freezing PE, 
‘aalpind Boar, 2007 Salon ord 2009 Lahore Board 20: Behn 
zou es 
‘There is very small difference between freezing point of pure solvent ai 
solution. Ordinary thermometer can read upto 0.5 K (upto one decimal plac) 
these cannot differentiate between freezing point of pure solvent and sO ya 
Beckmann thermometer can read upto 0.03 K (upto to decimal place 
«can exactly measure the freezing point of pure solvent ad solution. 


(©) In summer the antifre 

balling over. 

Board, 3007) 

“Ant solution consists of so 
shycol is non-volat 
point is increased, 


Jn summer, due to large heat in engine, HO may boil over in radiate! 


‘Whedon Page 530 


6 Diseuss the energetics of solution, Jusify the heats of solutions as 
exothermic and endlothermnic properties. 


Sthedon Page 533 


OS 


._.... se 


rar we 


alien Chamtatre Pat 1 =a 


ey 
TR 
00 


mass of solu 


‘by weit mass of solution 


Motarty 
No.of moles of solute 
* Volume of solutionin dm? 
= wtotsolute 1 
* Molecular wt.of solute " Volumeol solution in dm? 
‘Amounide’ of a substance = Molaty x Molar Mase 
Motatty 
m= No.of motes of solute 
‘Weight of solventin kg 
wt of solute 1 


" Malecular of sole” Weight sokenting 


Mole Fraction 
No.of moles of one component 
Total no. of moles ofall components of solution 


arta Par Millon (ppm) 
= Mass of solute 
PPT Mass of sation 
aout taw 


PePtx, of OP=P nor 


Lowaring of V.P/Mol, Mase determination etc, 


Elevation of B.PJ Mol. Mase determination etc 
an 


haem OF AT yay 21000 oy, ho, wa 1000 
Men an wn 


tn Boling point of solution = Boling pont of solvent + aT 


Depron oP Mo. ass dtemiaton a, 
Steer oF ATi hye 1D yy He wa X1000 


Ma "ws aT ow 
‘27 Freeing point ol solution » Freezing pont of solvent - aT, 


Sten 


Mass of dlcote = wa gg 
Mol. Mass of glucose =M = 180g 


Molarty of solution = 2 


‘Molarty of solution is given by 
1 


Molarity 


Molait Feet \ 


ext. =[tmel/an] e 
Tao" Tas 7 Ozma? 


(WGalealate the mass of urea tn 100 9 of water inO3 motel 


Solution 
Mass of water (solvent) 00, 
Molality of schiton = m= 03 


00 
i000 


Molar mass of wea Mi » 60 ginal 
‘Mass of urea dissolved = w =? 
Melaliy igen by 
aT 
081 


or we03x60x01-i8a ) 


'9 Catailata the cane, of @ 23 


Fafon to aly which bined by sna 260 of 
"200 g of 40% elution af NaCl. 


pet seletton op ech 


panacl= 209 
100 got scuton conan OT 06 


250 g of solution contain NeC!* 799" 


Cw AR. 


‘Mess 01000 em? 
100g ofan conn NCI = 46 Treone< kon «185100 wig, Sten 
200g of solaton contain NaCI = 42 «200 = 805, 100 Gof kin conan niu x ie, 
1800 g 0 solution contain 
Total mass of NaCl = w = 50+ 80 = 130g cana bite ad = rs etaing 
Formula mass of NaCl = M = 58.5 gimol Masso eg FHS, ae rsa 100 ent Sy 
Mass of total solution = 200 + 250 = 450g, wae 1SOs/cm' w= 14405 twton. 
Maas of Water = W's 450-190 = 320 g = 0.32 kg ale Mass Of HESO, =Mx 98 ginal 
Molaty = m=? olume of soluton * =<1000 en? = 1 dt 
Molaly i given by . ‘Therefore, molar given ty 
Molasi 2 
v 
1440, 1 
Molarty «40, 1 
rn olan» st 147M 
FarZ0% eulohurte seid 
OO ee eof wilh odd = 20% 
QS" (e) An_oq. solution of aucrose has been labeled ae one malal, Find Thr wk Denaly of rulphure cid 125 gt? ‘ 
soluie and the soleent. Thur Mess of Lem" of soluton = 125g 
Maas of1000 cof oiion = 125 100061250 
1 motel aq, sucrose solution means that 1 mole of sucrose (342 9) has ben Therefore 
dloived in 1 kg {1000 g} of HO. WO gof won cnin nae aid = 205 
Hence - 22500 = 
chat tiie sca se 1280 gf soliton conan wuphute acd = 29 x1250280, 
Meas of Hy» 1000 g Hence, 250g of H4S0, are presets 1000 eo sluton, 
Mol, Mass of 0. = 18 gimol Mas of HSOy/emt se 2509 
(000 Mol, Mass of H.SO, =Mx 98. 5 
Moles of HO = Fa 755.55 moles ‘Volume of solution =V=1000cm* = 1 dm* 
Therefore ‘Therefore, molrty given by 
wl 
Kew Molaity = Had 
is Molrty = 32.4025 ai 
and x To prepare 1 da! (1000 en!) of 2.58 M HSOq from 16-7 MHSOs 
<z Con. i facial 
We ee posed with 0% vuphate wa hang aly i nea 
volume of thie eulphurta acid sample le required to eben oat ~ 
_ tehove denutty te 15 glam h ° ‘ 
= = ee 2.55 000 sa) z 
Vi" ia7 ring flask and volume of the 
Enc 0% euiohasts acid are taken ames 
‘Bol wlphuricacid = 80% snugetrafore 178.47 eno one Hise 


‘of wulphurtc acld = 1.8 gem? 


Density ‘on it made upto 1 de? (1000 
Thus Mass of lem! ofsolution == 18g . 


Sat 
i tmoler K,SO, solution 1s mized with 250 em of OF mo 
OP hasan, Cine the mol cme of one ntti 

‘Solution: z 

1 mole of K,SO, produce 2 moles of K* fons 

Therefore, 0.2 moles of KySO, produce 0.4 moles of K* ions 

Hence cone. of K” ions = 0.4 molesdm? 


1 mole of KCI produces 1 moles of K” ons 
Therefore, 0.2 moles of KCI produces 0.2 moles of K* ions 
Hence, cone. of K* ions = 0.2 molesidm? 


‘Alter mixing two molar solutions z 
‘Cone. of K* tons = 0.2 + 0.4 = 0.6 moles in 2 dem* 
11250 cm of each solution is mixed then 

Total Vohume = 250 + 250 = 500cn* = S20 
Hence 2 dm? of solution contain K’ fons = 0.6 moles 

0.5 dm* of solution contain K* ions = 26.08 = 0.15 molesidm* 

| di* of solution contain K* ions = 6:3 moles/an§ ° 


0.5 dm* 


Q20 5 9 of NeCl le dissolved tn 1000 g of water. The density of resulting solution 
0.997 elem’, Calculate the motalty, motartty and mole fractions of thls solute 
Asoume that the colume of the solution 1g equal to that of the solvent. 


Holatee 
Mass of NaCl 59 
Formula mass of NaCl = M = 583 gfmol 
Mass of HO = W = 1000q'= 1 Kg 


Mass ofNoCl = w= 5 g 
Formule meas of NaCl » M = 58.8 gimol 


Maas of HO = W = 10009 = 1 kg. 

Since volume of solution is equal to the volume of solvent. 
‘And 1 kg of water. = 1 dm? 

‘Therefore volume of sohiton = V = 1 dm* 


‘Molarity is given by 
molarity =, 1 
a 


ats 
ela 35] CRT 


Fraction 
Mass of NeCl = w=8 9 
Formula mass of N&Cl = M = 588 gil 


5 
Moles of Naci = ‘i 
C1 = 5S 00854 moles 


MassofHi0 = W= 1009 
Mol Massof 0 =M=iBghed 
MotesotH,0 = P5556 moles 
Henee 
0.0864 
a e 
na" gates 
5556 5 
00 F854 SOE 


ee oe renee 
oil ofa. jund with empirtcal formute CyH,0, was foe a 
OF Fos a pang oo fk 

thot of benaane. The molar freezing polnt conatant of bensene te 5.1°C. Coleulete 


The relative motor mass of the compound 
‘Mass of solute compound 
Mass of solvent benzene 
Freezing point depression 
Molal F.P. constant of bersen 
Molecular Mass of compound = 


Me =? 


Molecular Mas ofthe crpound sen 67 
yn 2000 
Monat un ae e 
St 4675x1000 «creo yt] 
Me*Tog*” 2125 


< eT 


OBJECTIVE: Mattie 
‘L. Which one of the 
wi Slowing gs act soon whe, 


cr 


7. Raoul’s Law ts represented ty: Gatr Bot, 2007 


ee Se, ine es een Cosette 
3 Sages EE Cmca 

tunel . 

sweat pee pee omen | 4 © _ 

ee er eee 


4) Sokabiity (6) Molary (6) Helaty 


1, 02008 oe ey 
10g NeOH dssohed per 250 cn of woltion ba 


Vapour premure of solution = P = 426 ton: 


Lowering of vapour pressure = AP = P*-P=442-426016 tort pipes ie - ‘me 
Molar Mass of 1X" = Me? vapour ps solution. _— 
baaliae? iererig ork oH onan a ais 
y= wes M2 3474, ern fae 
eth M3 ere dart 
ciin 


HELLOY Mr: Quagtion paray 


Choice Qunstions 


acyl P=PH MW aPerx, Ud ari =, 
SckiSons containing relate ower concent se oe ct: ated Bar 


(4) Bermene and Cxdoheane 


om 


(ar Bat 3010 


20M 


9. The concentration of solute in the soksion when isin elu with head 
‘nbskonce at a parsculer tempat cle. ante Berk 20 
(@) Mle tacton 


10.29 of NaOH is dissolved in 500 cof soon. The molarity of schon is Cea 
neva soon 


a... ae 


WwW |) £4 


13, Which one is not equation of Roul's Law (Lahore Board, 2011) 
fe) APPX, 


‘Y 


We 9 Box, (a) PRP*x, 


14, Amount of NaOH required to prepare 250 em®of 1 M soliton is (Fatalaed Bow ny 
@) 109 ) 69 (2g (8g 

15, The mumbgr of moles of solute disolved per din of solution is called (0. nny 
ann 


{a) Molarity 


{(b) molatity (e)Normality (4) mole fraction 


16, Benzene-ether can for (.. Kien Bard 20121 


SHORT & LONG QUESTIO : fete 
{NCENTRATION UNITS OF SOLUTIOnS TIONS FROM Past pa PERS 


(a) eal solution (b) Non-ideal sohtion _(c) Buller solution (d) none ofthese oer 2007: Labere Board, 208: D1. Kee Bot, 309) 08 efve pareve eke 
17. The azectropic mixture of solution showing posture deviation can be dill z Feecamgaraon wile wad Semis Rt oe cca 
‘boting point ated Bae, 207) (9) How wl you prepare 0.2 M NaOH cht? te a 0) 

Gain datmaial Rae: AWigiecane {8 How wil you prepare S% WV ure sition in wer. apna Sond 20% Site 

16. The hydration enenay of Brion is than F- ion Fae Board, 2007 (2) How will you prepare 10% WIV wea solution in war? raed Bo, 101) 
Glequaiic flamer «gear = (d) none of tase "Call the erate by wht NGC Bg of ae 
19. Chemical wed to protect 2 car by preventing the quid inthe radiator from fezing (1) What isthe molality of sohtion prepared by dsobing 5g of cose in 250g of 
rer eae water (Spee Bord, 201) 
{0 Phenol () Etrylene glyeot fe) KNO, (d) Methanol (12) Find the molarity of « solution containing 41.4 g fo K,CO, dissolved in 500m? of 
2 Wich of he Scltomtngis nial soktion: 0, Ken Boer, 2010) ven solution. Molar mass of KzCOs is 138 girl an Bow 213) 
|e} CHO and HO (6) CH and CO, Ua) Colt he mol of son coin 2 7 Re 50? 
‘ci GHC, md CHILO) HHO ac given solution. (6, Khe Bard, 2011) 
1) Define the folowing terms woth expen 
{i Molarty (fi) Molalty (it) Mole faction io) Parts per milton (Supe ed. 2807 
dor Boar, 2016) 
Answers to Multizle Choice Questions from Past Papers. = 
;QuD. obi SOLUTIONS, ADULTS LAW 
‘fie Guertin = 


9 |) [10 


(a) @ 
(a) 
(a) | 15: 


s 
7 EO I 
CC 


Detailed Explanation of Past Papers MCQs & 
answers to all Past Papers SHORT QUESTONS !° 
‘OLLEGE CHEMISTRY OBJECTIVE BOOK! 


Cc 
EE CHEMISTRY OBJECTIVE BOO 


') What are conjugate soltions? Give examples. ater emt 2508, 
° What is consulate Lamar 
ance Ber 208, 2010 OF 


Whats Raoult a? nnd Sort 2018 ms 
fable n CCU? eye Bok 3007 


# See ts a, tan et 0 ee? ie 

Ne anu Lae fae nthe eat fo mhstion 

Ee a an eo on hae 
0 en bowen) om Ce Se seat 


he _— 


\ear i.e 


WW | 4 


Seley 
‘Rooults law helps in determining the Wdeality of o solution. (Gurnee Boar, 278, 
Dourd 2013: Rnespint Bowrd. 2014) x re 

(3) Define Rooull's low and derive the equation AP = P* Xz (Sergedhe Board, 2014) 

(4) What Raoul’ law? Explain when both components ore volatile. (ulin Boot 2014 

{5} Discuss Rous Law for the solution in which bath component are volatile (Sapeeedny, 
‘BOL Feed Bourd 20131 


IDEAL AND NON IDEAL SOLUTIONS: 


‘hon Qucatlome 

(1) Give any two points which show the idealty of «solution. (Lahore Board, 2008) 

(2) Give tao poirs of lqulds which form idea! solution. (0.0. Khan Boer, 2012) 

G) Diferentiate between ideal and non-ldedl solutions, (Behowelpur Board, 2009: Reid 
‘Board, 2011: Labore Board, 2013) 

(4) Non-idea! solutions do not obey Rooult's law. Explain (Sergodhe Boord, 200% 0.6 tim 
‘oord, 2008: Rawal Beord, 2010), 

(5) Many solutions do not behave ideally. Give reason, (Gypomeele Board, 2014) 


Lone Questions 

{I} Explain the diference’ between Idec! and non Ideal solution, (aredhe owt i 
Actin Bord, 2012) OR Disinguish between ideo! ond non-idea! solution. tare 
ow 2010 (2) (050 part) 


 EGEATTVE PROPERTIES 


aaoee 
oe ne aaa 
‘Ben 210: Lahore Boer, 2011; Flalated Baa 2018 Somes eer achg ee Mle 
Je Define ebullioscople constant (or molal elation consamt or mele boi 
onset 
pe ee es we ncitce 
Me re ect re er cl tear et 
plore rane one ina ree 
eee cto Come one a 
Pet re colligative properties? Classify these and explain any one (Rasstpind! Board, 


ng. point 


‘ZEOTROPIC AND AZEOTROPIC MIXTURES, DEVIATIONS FROMRAOULTSTAW 


‘Shon Queetions 

(1) Define Zeatropic mixtures. Give one exomple.(Lakore Board, 2014) 

(2) What is positive deviation from Raoul’ lau? (abore Board 2007) 

(3) Differentiate between zeotropic and azeotroplc mixtures. (tuten Hoard. 2018) 


(eng Questtone iwi 
(1) Wht ore non-ideal solutions (or azeotropes)? Discuss their types with ext 
(€ euctabos Boor, 2067: Grronste Boat 2019) / 
(2) Define non-ideal solutions and explain positive deviation with the help of @ 9%" 
(Gerrodho Boor 2013) 
(3) Explain negative deviations from Raoul’ aw. (2.6. Khon Boord 201%) git 
(4) What are dea! solutions? Graphically explain that how the idea! solutions of t¥° 
«o) Gmbe separa by fractional dilaton 6 hn aw, 2009) vo B® 
are ideal solutions? Explain the froction cl mixture of 40 
What are ea! solutions? Explain the frotonal tation of Kea! a 
{6) Explain the fractional dilaton, Justify the two eurves when composition 
against boiling point ofthe solution, (Ftulebed door, 2012) 


‘SOLUBILITY, SOLUBILITY CURVES, FRACTIONAL CRYSTALLIZATION 


(1) Define solubitt 
ine solubilyy curve. Nome is tzo types, (ataabed Boor, 2012) 
(2) Why some substances show discontinuous curves? ©.6. Kkon Bord, £008) 
(3) Diferentiote between continuous and discontinuous solubility curves. (beter 


poor 3 


>. 


ING OF VAPOUR PRESSURE, ELEVATION OF BOILING POINT, DEPRESSION OF 
POINT, APPLICATIONS OF COLAGATIVE PROPERTIES 
'Whp's the vopour pressure ofa souton less thon pure scent? iatue Bua. 2034) 
Lowering of vapour pressure is colfigative property, Explor. (Curenoule Boa, 20140 
freon in freecing point ea colle propery Su. tate Bm 0 
[yckspecepsatone of colle props imate 
Meo! may be used in rior of on cutmcble. Gve two expects of ts we 
ln Bord 008 rman or 208 


"Pitre J vapour pressure in tems of 
coligatve properties. Dexabe the lowering of eapeur 
lite property of slain ae dai he ere for mld me of ron 
soe. (heer Bow 2009) aa 
Jesper anton for cle fag poof scion ato Bn 2 
lah elevation of bating pot ith the el of fue ae Bot 2010) Dene 
« Riga properis, Expiain fenton f bling eed rant 359887 
teeaon of ottng pol of o event yeaa uth Re of ¢ oP) Oe Cr 
eeminaton of molec mes 2 pe hl ef ae: Ma Boe 
5p 80m on Explain Elevallon of Bollea Pot woe = 
Pg 2%, 2018: Bhp Bor 2030 Baa 300 nine the bollng pe 
eo ra On en 
Nona! G2” be mecsured by Lander 
2012: Sargotba Hoard. 2012) OR Define <2 


ta 


\ 


WwW / ae 


‘ollng point elevation is measured by Landberger’s Method? (Lahore Bog, 


(4) Describe the (rent pnt deresion rod fe the deeminaton of my, | 


‘fen organic compound. (Lahore Board. 2416) 


be 


(9 Define ees pin. We down the mensuronet of feng Pont dena, | 2 Secure iy eaters ni Mer 


‘Beckmann’s freezing polnt apparatus, (Caramels Board, 2009, 2014) 


RDRATION AND HYDROLYSIS 


Sete ha ne pone ue Coe y 

0 pep mse mae en | 
onean boli TES] (Semeur 
Gjeoarestwosciis(lnocieasne mnmmeete / 


‘Shon Questions 
{1) What are hydrates? How are they formed? Give examples. (Lahore Board, 2007 


Bock S000, Ravspind Board. 20107 0. Kiam Bom, 2012: Maton Bowrd, 2010: Feuauenghh | Clive propetr othe souton 
b nnber oe 


(a)nmtre af sche 


Py 
(2) What is meant by water of erystalization? Give two examples. (Lahore Boer 201,aug | _(Inabre of solvent (number of ks ol cet only 


B) Define hydrolysis ond give is too examples. Raney Bodrd, 2010: Gre Samay | 4 18% sone (CaO, presen 3000 gf aso schon ca. a be 
(4) Diferenticte benceen hydration and hydrolveis with one example exch. aunty ,, (O,2nail [ELL meal | [6 0Smold i Ota 


2006: Serpe Bem 2010 Mae Berd, 2012) 


(5) Why aqueous solution of NH,Cl is ackic but CH{COONG is basic? (Gnjrands Bartha] 4g jn mmicine of 28 gro a 
(6) Dissokion of KCI and No,SO, in water give neutrl solutions. Why? (howe Baek 


(7) The solution of Na,CO, in water is basic in nature. (0.6. Khan Boor, 2008) 


iM Sckiton which date wheat change neompoitn cat 
(a)amorphous 


(ost 


is ome] "” (H0aete tan) Wee dct chen 
(B) Aqueous sokiion of CuSO, is acti, whereas aqueous solution of CH,COONe bilowaeees 


‘Sustfy? (apr Berd. 2009: Garam Boot, 2015) 


[224 dof skton 
Theta ofthe relative venga opr premare wo 


(9) How the solution of CuSO, is acticin nature? (ston Roar, 2007: Sry bona me)" rae. a We eae comical eras meee a 


Later Board, 2912 OF Explain why CuSO, give acidic solution when put in wee? ®4 The mamber of moles in 180g of waters 


Kanto 210) 


\ 


toh fag tastes 100 


(10) Aqueous sokeion of ammonium chloride is acidic in nature. Justify Wet |b Formate ms of Nai 58.5 A souion of NC consing $85 NOC pt 


,— 
o 
tere coc stn uth toe cela, nina ams, a a HE ame tay et 
Iydrolysis. Why the aqueous solution of NH,CI is acidic and that of CH{COONe cone soe isa non-polar elena 15 enone cron 
pags = acento 


(2) Werte nat on hydration reaction. 0. Khe Board, 2012) 


(4) Diferentiote benaeen hydration and hydrolyls with suitable examples. (anthem ‘Citon becomes 25 on. The mle ncsont Hy ge 
Die ny bho 
bomen temperance 
sy ieee, aoa 
4 Which wna enn 
i hoe be 
i) (neha dachasn aca omens Pag 
we ena 
Ras ex amen reer nermecene en 
— secton 


itable amo 5 Win eget schnseccpe entre te fancier! xa ren 


1065s, 


ay Wt 508 WS panel 


resaure of pure we 28.8 ton, Cae a 


wi wased 
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Appendix A 


(What are mole ion and le peeeninge? 

eee stein pee tnd bear tlt dake aula Why? 

fu) Laie energy of ini oder elveys higher than molecular solids, Why? 

{How ean be precited thet proces of dzlution wil be endothermlc or extern? 
{ul Define ebulloscopic and cyoncopi constants? 

It) Why dscontrous sob curves ane formed? 

[i) What he rl of anifeeze In radiator ofan autora? 

(bx) How can you cllle the molecular mas of shite by erpoacopi method? 

{n) Wey ont soe &desobed in weal slen, vepour ESAT of Set seu lf 


(at Slows ter and rn ie ators 
(Bef nt lyin wth ep 
{3 Aner ay Ef par ho wt 
th Canin prcenage ywngct len 2c NACis chen 20 gol wle? 
Oh Assur conn 89 NGACDg in} dt teen. Ce nan? 
th) Maayan wot cred ut mst Send cane empeare Wy? 
(2) Ankitmcrtar 8p gh pneu! Bg Ce be cet 
A) 60 Deine tienen npr per mon arene oe 
a (hy Ghetwneunperct chon tel st 
(et Cane arnt pete mt i? 


{i Mata dren ete Hainan Hy? 
‘96 Answer nyu parser he iota 
(1) Difrertate betseen Hal an noel ston? 
{i) Why oslo of terse and tle ar el eon? 
(a) What re soowope moar? 
{6 Whats tbe maxim boing yin ezxatope. Ge eampl? 
{6 Whetisteciona ersten? 
{6 Whet cordon are neces kr noma clint prope? 
(Which bemomete bund neo’ mead x meng dation cote pe on 9? 
(ch How con a eeing rate paper? 
(6) amc cuton of NHC and CaS ve ace ty? 
. ‘Secon = 11 Attrapt any trae quations. (8X 8) = 14 
Cwatt heh nce ie 
) etn ato n tong pe. Expo hi wh eal 
s.r urate sa leas 
(9 at ah pom molly crop inne 
(05 These tn cri. gale mtsce N20 gc eer ¥017 Ke 
ht te, alte rt a Bt crm che # 210% 
(2 hese menue fae cl by Beha et 
(0) Wh ne prey ce iC Deseo pecker Haar 
Q8. 1 rete beeen con ad cin 
(Ot ten of iS soem 
i An son of MSO toh selon of NOs 
(8 hot bean nea? On et cts Ss dpe Ce exe 
5. (0 het ctr propa Why ate hese eae eso! toga 
(5 in repre wth 8% sph ad hc sony 18 en Wen re 
‘Se i ape feted lt eof Ts oe ee 


; (ui) Uy some properties areal colin? 
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Chapt 


OXIDATION STATE AND BALANCING 
OF REDOX EQUATIONS 

Oxidation number or oxidation state 

Balancing of equations by oxidation number 
method 

Balancing of equations by ion-slectron method 


ELECTROLYTIC CONDUCTION 
Electrochemic 
Electrolytic cel 
Explanation of electrolysis 
Electrolysis processes of industrial importance 
Vottaic or Galvanic cellf2n-Cu call} 
ELECTRODE POENTIAL 

Standard hydrogen electrode (SHE) 

Measurement of electrode potantlal 

THE ELECTROCHEMICAL SERIES 
Applications of electrochemical aeries 
MODERN BATTERIES AND FUEL CELLS 
Lead accumulator (rechargeable) 

Alkaling battery (non-rechargeable) 

Sliver oxide battery 

Nickel cadmium call (rechargeable) 

Fuel cells 

Objective and short answer, questions (exercise) 
Numerical probl 


Test your skills 


Bectrochemietry 
The branch of chematry, which dal wh the cvarson of lected energy nto 
senta energy and chemical energy int leicel energy in caled wocrcohennen 
tenon 
Akay be defined as the edatin of oxygen, oe of drogen ooo electra from 
nese, 
esueton 


ikmay be defined as the remove! of oxygen, addon of hydrogen or additon of 
|sttois from a species. 


Pidoton Reaction 
Areaetion in which a substance loves elctron x cfled aniatin rection, 
8, Zig > Aly +2 
Pivction Re 
ton z 
"Dereon machich a aubaance ony econ called rection acon, 
28, Cu yg +20". 2 Ow 


own as redox reactions. 


5 Oitaton retain veacton are ao cm sea 


® redox reaction, oxidation numberof 


ina EQUATIONS, 


STON STATE ANI 


REDOX 


ID BALANCI’ 


PATE 


QD = 
Dr ON NUNEER OF OXIDATION SS 


‘Pparent charge on an atom afan element © 


oleate oF 2” f20- 


‘aleee Chemie: Peed 
Examples: 

'« The oxidation state of free Hy is 2210 

‘+The oxidation state of Na and Cl are +1 and ~1 respectively 


1. The oxidation number ofa free element is ero. e. H,®, No®, Mg? —~| 

2, The oxidation number of hydrogen is +1, except in the case of metal hye 
NaH, Mats where its 1: rs 

3, The oxidation number of oxygen is -2, except inthe case of metal peroxides, | 
itis-1, in superoxides, where it is-Yeand in OF, where itis +2. 

4, In binary compounds, the oxidation numbers of group VIIA halogens is -1 

5. The oxidation number of each element ofthe groups HA, JA and IPA ae #12 
‘and +3 respectively 


6. Ina neutral compound, the sum of oxidation numbers of all the atoms is ew 


7. The oxidation number of an ion consisting of single element is the sane xf 
‘charge on the ion. ¢.g, oxidation states of K*, Ca?*, Al", Br, Stare +1, 42,48 
and -2 respectively. 

8. In ions, the sum of oxidation numbers of all the atoms is equal fo the charge! 
ion. 


9. In any substance, the more electronegative clement has the negative oi" 
number. 


Example t 
‘¢ Determine the oxidation number (O.N,) of Mn in KMnO, 


{© Kn Boo 207: Mtn Bor, 2010: .G. Kh Boar, 211; Rasa Bou D012 Sorts 2 
above Bord, 208, 2014) 


‘Onidation number of K 
Onidation number of 
Let oxidation number of Mn = x 
‘Thus for KMnO, 
+1+x4 4-2) 20 
x-7=0 
or xe 47 


a 


‘© Determine the oxidation number 
Oxidation number of H=+41 
Lal oxidation number of N = x 
‘Thus for NH," 
x4 441) = 41 
x44 41 
x =1-4 
Orx 


ON of inne 


TIONS BY © 
‘This method is based on the principle that 


The total nutes of elections lat by reducing agent equal the ota amber of 
ctectrona gained by an xtdiing open.” 
Foliowing rules are usd for balancing equation by oxidation number method 
1. Identify the elemens, which unde a change in oxidation number and wrt te 
oxidation numbers over te wmbal. 
2, Indicate the numberof eleczons gained ort iy means of area, 
3, quate the numberof electons guned and lot by mulling Une with sutble 
siumbers, 
4. Use the suitable numbers obtained in ep (ito blance the re eats and 
Products 
5 Balonce the et of equation by iseecton meted 


Sia ee en 
~__Cu ¥ HNO, ——> Cul ag a charge iden number and i E 


enti the elerpants, which unde 
‘oxidation numbers over the bas 


N 


Cu + HNO, sla 
Tn this equation Nis reduced fom +97 
i no changed in CalNOs he, TMG ten 
‘umber of electrons gained and 


HINO, +Cu + HNO, —*~ CulNOs) + NO + Hi 
jai 


less of 20" x3 = 6° 


Use thre numbers obtained in above step to balance Cu and HNOs, 


Thus, Cu is multiplied by 3 and HNOs by 2. 
HINO, #3Cu 42HNO, —> CulNO,), +NO + H.0 


‘+ Balance the rest of equation by inspection method. 
GHNO,+3Cu+2HNO, ——> 3CuNOs)s + 2NO + 4H.0 
or 3Cu + 8HNO;——> 3Cu(NO,}p + 2NO + 44,0 


WN ELECIRON METH 
{tis based on the principle that 


The total number of electrons lost by o reducing agent ts equal to the total no, af 


electrons golned by on oxidizing agent. 


Following rules are used for balancing equation by ion electron method. 

1. White skeleton equation showing only those eubsfances, which are actually nob 
in the reaction. 

2, dently the elements, which undergo oxidation and reduction and spit uP 
reaction into oxidation and reduction half reactions. 

3, element undergoing oxidation state I free then it is urien 2 such, other 
shouldbe writen as molecula ot lonie specie 

4, Balance each half reaction separately, 

5, Balance oxygen by adding HO. d 

6. Balance hydrogen by adding H” ions incase of aldke media and OH" ions In 
basic media, 

7, Wirte down the number of electrons gained and losin each half reaction 

8 Equate the total number of electrons gained and lost by multiplying the 
reactions by suitable number. 

9. Finely, add the wo half reactions to get the resultant balanced equation: 

10. Simpy the resultant equation f necessary, n order to obtain the net ion 


wo bol 


qua 


‘Finally, ada the two hal reacns to et the 


‘example 1 (Acidic media): = cicahemiaiy 
amo Sa 
ently the ements, ich ae ouioy a ip 
SASS Si ae rt 

MnOg ——> Mr? snare, 
2 Ct 


‘+ Balance oxygen by adding 40, 
MnOy ——> Mat + 44,0 
2cr —> oh 


‘© Balance hydrogen in each half reaction by adding H* fons. 
‘SHY + MnOy——> Mnt> + 44,0 
2c —> Ch +20" 


‘© Wrste down the nuinber of eletros gained and lstin each haf reaction 


Ht + MnO¢" + Se" ——> Ma + 48,0. _ (1) 
2 —F Oye 2e  _ 2) 


‘+ “Equate the total numberof elertons gained ad lst by msilying (1) by 2 and 


cays, 
6 4 2MnOg 4106 > + BHO 
jog sok ite 
eon cd gn 
"ett + avo #106 —> Be" + BHO 
oe sch te = 
fe 2 5Cl, + 84,0 


2enOe + 16H" + 30" —> 


Example 2 ( Bastc Media ) 
+H,O_—> Mn0,+ CO, + OH” 


«+ dently the elements, which undergo oxdation and reduction and split up the reacen 
into oxidation and reduction half reactions. 


(reduction half reaction) 
{oxidation half reaction) 


‘+ Balance hydrogen and oxygen by adding H,O and OH" ions. 
2H,0+ MnO,"——> Mn0,+ 40H” _(1) 


c02-—+> 200, @) 


© Winte down the number of electrons gained and lost in each half reaction 
3e"+ 2H,O + MnO,” ——> MnOe+ 40H"___(1) 


C04" ——> 2C0, + 2e (2) 
‘© Equate the total number of electrons gained and lost by multiplying eq.(2) by 3 and 
9 (1) by 2, and then add the two half reactions. 
6e"+ 4H,0 + 2MnO,-——* 2M, +. 80H" a 


30%" ——> 6C0, +6e"__(2) 


3C,0,F +470 + 2Min0, ——> 2MnO,+ BOT + 6CO; 


Toca CoN CON 


Electrical Conduetlon 
Flow of electrte current through « medium le called electrical conduction 
may be of two types 


m 
neo 
The conduetion of elecieieity carried out by Jone present In fused or tn an OM 
‘solution af an electrolyte tx called electrolytic eondueslon, 
eg. The molten or aqueous solution of NaC! contain Na* and Cl fons. 
conduct electricity, 


NaCl ee Nav +O 


tie 


These ot 


Pt eae 


i cndiston of ety ng 
eteldve to free electrons called matae 
Marais ne od cts tags 


‘The process ls which electricity le used to 
‘This process is done in an elecolyte cll, 
‘ample: 

‘The sodium metal fs manufactured on industrial salen Down's el 
ea : by the eechobsis of 
2nacl “Sone + ch 


'S2Ty out & non-sponteneous proces 


The process tn whch fonte compounds when fused or dtoloed in woter op up nto 
dered particles oalled lone. 


Pe Nec Nat +c 
PbO,’ —= Pot + 2c 
‘These are of two types 
4, Becroytic Cells 


2 Voteic or Galvante Cells 


ine eres 


Tomapontaneoos restion te 
he cain which elactrte current la ueed to cary cut 
‘Sed electrolyte eall. The proceas ix called electrolel, 


2 sill gota 
Doun's cll, Nelson's cel 


fetusten cee 


* Neen of ino stn of oe 
sf two electrodes dipped I oo 
Stet ite, containing poste a cee 
Can mave freely in the solution vive 
St ae a for electial supply 
PERSE cad ade eam DH 


= 


Working 

= When electrodes are connected to a D.C. source electric potential is prod 
‘potential moves the postive ions towards negative electrode (cathode) and pan) 
Towards postive eacrede (anode). Thus electrolytic condition occurs in as 
eal 


«The movement of ionic charges through the liquid brought by the appleais, 
dectrciy is called electrolytic conduction and the apparatus used is called cen 

cal 

“+ When ions reach the electrodes, electrochemical reactions occur. 

‘At anode, negative ions give up electrons. This process is called oxidation 
‘At cathode, positive ions take up electrons. This process i called reduction, 

+ Hence, an oxidation-reduction reaction starts in the cell and various protic 
obtained. The electrons flow through extemal wire, The electrons flow fem anes 
cathode 

«© The solution will continue conducting eletricty until this redox reaction is takings 
thecal 


[The electrochemical reactions thet occur at the electrodes during the eletrohic eon) 
Jconstite the phenomenon of electrolysis J 


Products 

For molten sats, products can be predicted. But in aqeous solution, it i efiat 
predict product. 

Further electrodes may or may not involve in reaction 

Following are some products produced from electrolytes. 


sins a Nw Coa 
| a Ge — 
Ce Gig Soa 
Cine Cig Cy 


AaNOuytPd HNO, | Aadepons 


+ When a fused salt of an elecroiyte I elecrohsed, cations reach ihe cathode where Bey 
{ake up electrons and become dichared utile 
fans move towards anode, where hey ge wp eecons and become daha 


Exmmple a 
Pech == Po + 204 
(io cahode)  toomeds 
‘Weathode (Reduction) 
Pei + Ze" —> Poy, 


Anode oxidation! 
BCI —> Cag + 2° 


Saal Reaction 
Poh —> Phys + Cr 
Frsed Po and Ne 
© Sh od PBB, ae dezonpeed dcng electrons 
Te antBng te cin oa mT 


be] 


+ Becton flow from anode to cathode 


* Bacccuentis conducted nine eeroh@t BVO 
ic curentis conduc rough etme 


X 


‘solution of elt s electroleed, products are not easily predigaye 
vecitenan nse mon a ld a yea 
from ther aqueous slain. tens 


Gaamala: Eectrobvete of Amour NaNO, 
‘Consider the electrolysis of an aqueous solution of NaNO,. 
NaNO. fonives a 
NaNO, === Net + NOy 
In NaNO, solution, small amount of hydrontum ions (HyO*) and hydrox on (OH ts 
present due to litle ionization of water. 
ie. HyOp + Hi0q === 1,0" + OH- 


Beacon at cathode (Reduction) 
‘When aqueous NaNO, Is electrohzed, Na* ions are not discharged at cathode Ital 
11,0" lons take up electrons to form Hydrogen atoms. 
HO" + e° > Hy + H,0 
Hig atoms then combine to form hydrogen gas. 
Hat He — Bay 
“Thus, Hy gas is berated at cathode 
‘Atthough very less 10-7 meV’ dm? of H,O* ions are present in solution. But a 
1,0" is elicharged, new H,0" fons are produced in solution and thus process eas 
"No" lors remain In solution. Its elle spetaor fon. 


‘Reaction at anode (Oxidation) 
‘At anode, both OH and NO,“ will be present. However, OH ~ font 
discharged. 


ae ot! 


OH" —> OHyy +e 
(Og then give following reaction 


(Overall eaction Including al he spectator fons. 
Nb'eg #NOving + 2H:0y —F Naty + NOyiag+ On + 2H 


Farce 7 
Fate the electro of mokin soda chore onda. 
(Write Down's Celt, 


of sodium, 


plaid, enced solution 
[_Nanifocture of Sodhum (Down's Calh Mi Neleon'e Cat 


we Spptieet Danii el stirring 
fonedthode and sept anode Cs ane! penn R80 MC beeen 
NaCl =—— Nay, 


le) —* Chay +20 
ion 


2Natyy+ 2e°-—> 2a, 
Nemaion 
2Nat i 2Cl-—> 2Na + Ch 
2, Mmufacture of NaOH (Nelson's Cell te} 
Catstc soda is produced by electro of an aq sclon of NaCl betveen Tian 


anode and Hig or Ag cathode. The proces scared out in Nelson's cel or Caster — 
ner eall or Fig — cel 


Nar + 2Cl og 


lay —> Clay + 22° 


DAOy + 2e —> Huy + 20H wy 

Na 9+ 20h py +2HyOg—> 2NO* gt OH oat Hat Che 

Here Cl, and H, are obtained as by produc. 
1, Ne isnotascharged at cathode 

Monfocture of Mg and Ca 

Yaand Ca metals are extracted ty te Heeb 
« S2collected at cathode and Chat anode Bia 

tfocture of Aluminlur inte prseee 

Aertel 
‘dol (Naya) Tis proces cate Hale 


ys oft sed eres, Ng and Co 


5. Manufocture of Anodized Akominium ; 
‘Anodized Al is prepared by making it an anode in an electrolytic cell conti 
A eA thn ave of cries coated over A. THs layer reset 
‘The freshly anodized Al is hydrated and can absorb dyes. mo, 
Refining of Copper 
Cu ls made pure in an elecvolyic cel in which impure Cu is made anode andy 
sheet of pure Cu is made Cathode. CuSO, is used as electrolyte 
‘The atoms of Cu from impure Cu anode are converted to Cut* ions and goes inf, 
schtion, From solution Cu fons are reduced to Cu metal and depost on cata Ty 
‘cathode is made up of pure copper. The impurities are let with anode. 
7. Electroplating 
‘Copper, Silver, Nickel or Chromium plating s done by various types of electro ik 
Inthe process, one metal is deposited atthe surface of other metal. 


6 


Exercise 15. : 
Describe a golvonte cell explaining the function of electrodes and sat bridge. 


lt GAP VANIC CLL uel 
‘The cell in which a spontaneous redax reaction Ia used to produce electric carat 
called Voltate or Gateanle cell, 


Example 
Daniel's cell, NHC cell, Fuel cell 
‘Consider 2n-Cu call 


fears) : os 
It consists of two half cells that are electrically connected. In each hal thal 
takes place. Overall reaction ofthe ealis the sum of two half call reactions. 

In each half cll, an electrode is dipped Into solution of its fons. Zn electrode 
ZnSO, solution while Cu is dipped in CuSO, solution, wae 
Two electrodes ave connected by we, while two solutions are connected by 

Saltbridae conse ofan agusous solution of KClin ae. 


Z 
(Gu electrode is dipped in 1M CuSO, solution in one half cell giving folaw! 
Cul pg +26 = Cy, ot! 
Zn electrode is dipped in IM ZnSO, solution in other half call SMS 
exuitbrium 


isaere" 


igo 


Zip Zag Dor 
teed (reduction! 
Guy tZe"—> Cy 
Qverallreaction 
Ong +ZMy—> Zag + Cy EPS 1IV 


“This Voltaic cellcan be represented as 
AngfZa* (1M) | | Cu? g(1MVCuyy E'=11V 


‘AS bdge consists ofan aqueous slton of Klin ge. performs following ancons 


* Ihbsings electrical contact between two hale 
* Ite to separate the two solutions of hal ces 
‘eetion would occur and hal cls wouk! bed 

‘+ Tmaintains electrical neutrality of two solutions. 


soho were mined, crc chemical 


Die to enlecton of postive chase 
en Cu lf ell woud stop the 


| recto 
Ne mu. SE em so 
PRS Cu ha cet, negate sl pu 


Thus, itmatnains the I can be wed fo light 
tl Volaic cet, the 


'dtive a motor ete. 


Za ag 2 — Zig 
Con CaP te 
Zt yg +Ciy—> Zr + Cio 


NNowr the call becomes electrolytic cal, bacause in this, electricity ts being used icy 
out non-spontanegut reaction. 
Oxidation occurs at Cu electrode and reduction occurs at Zn electrode. 


The potential set up ishen an electrode ix in contoct with one molar sofuton 
lon at 298 K te called Standard Electrode potential or atandard redactton potenti, 


tis denoted by E* 
Examples: 
‘The standard reduction potential of Zn is -0.76V and that of Cu ls +0:34V. 


Exclantion 

When 2 metal eledrode ls dipped int the solution of own fon. There ma 
tendencies ‘ 

Metal atom from electrode leaves the eleron on metal and goes into slr 
dation process 

Moree 
° 

Metal ion in sohion may tae up slestons from the mal electrode and de 

stom on electrode, Thuslt makes eecrode +e : 
Mise 

‘The ve or +e nature of electode relative to solution depends upon (ht 

tendenca ofthe wo proce, a 


‘Alla, e dynamic equlltrum ls exiabthed due to the same rete of to PO 
‘no further potential difference is developed. 


acemdenaes 
Ahn electrode in 8 sition containing 2 og 
ri has greater tendency lea eons nec ee 
inp solution 2s Zn" fons, ‘metal surace and goes 
“rhe negative charge on the Zn rod wil atvct an sonomhere of 


eS eo a 
etl wanna 


“The equllxium is represented as Hz 
2a) Zag 2° 


‘The potential of on electrode at which axtdation lakes place under stendard 
condone te called standard oxidation potential 
eg.) 21 ——> Di +2e y= O76 vd 


‘The potential of on electrode ot which reduction taken place under stenderd 
‘andltdona te cafled standard reduction potenti 


IMsepresented as 


bent but wath opposite signs 
be, Ban = —Ehed 
The standard electrode potential of 


8 stand tocods consis of # aout) 
ection oe fn 8 

, EPdes are suce as covet win 28 
The fils connected wth 2 lau Yo is mene 


‘aie Bui eh 
WMG ema 
The Bt acts os an elect contis | 


YZ 


/ 


hem th 
Working 
SHE can act as both cathode and anode depending upon other electrode with ui, 
connected 
Following are the reactions of SHE 
‘SHE ot Anode: H, 4 2H! + 2e"E% = 0.00 volts 
‘SHE 0# Cathode: 2H + 20> Hy Eau = 0.00 votts 


However, the potential of a single electrode can be determined by coupling Ht ht 
stondard electrode of known potential such as siandard hydrogen electrode (SHE) 1 
‘galvanic cell. The two solutions are separated by 2 porous partition or a sat bide 
‘containing conc. solution of KCI. Salt oro icon path betweenty 
two electric solutions. The potential difference is measured by a voltmeter. 

‘Since standard electrode potentials (oxidation and reduction) of SHE are taken ase 
Therelore, a 

In thie way, a series of standard reduction potential can be built up for 
electrodes. 


sample 12D 


ecrode potential of Zn claro can be mensured by making a gabvani e. ReOES 
cf fn each dipped in IM sluion oft lon and SE at 23°C. nee fe See 
Conditions, voller shows 0.76 vols andthe defection shows that electrons a 
from Zn to SHE se 


‘Thus, Zn has greater ability to give up electron than Hy gas 
0.76 vals. 
“Theveadton are 
‘At Anode (oxidation) 
Zr Peay + De al 
‘At Cathode (reduction) 
2H uy + 2e°—> Hay st 
Since Standard dedrode potental of SHE is 0, therefore 0.76 isthe stand" 
potential on. 
Hence te standard redueson potential willbe -0.76 vols. 


rca of Zn Kloctronte Posen 


Beectrode potential of Cu electrode can aes 

af Cu elcroe Is dipped n IM sohion oh Tae 8 cc 
Sendard conditions, voltmeter shows 0:4 vols and te nensent SHE 2C. Under the 
owing from SHE to Cu efector shows that electrons are 


‘Thus, Hs has greater ability to give upelecton than Cu gas by 0:34 vc, 


‘The reactions are 


He 
Hug —BH Yay +20 


‘Cathode (reduction | 
Cy + 2" Og 


Since Standard electrode potential of SHE Is, threlore 0.4 ste standard reucton 
Potential of Cu. 
Hence its standard oxidation potential wl be 0.34 vols. 


‘econdng to Intemational Union of Pur and Appl Chensny TUPAC), sana! 
‘ctode potential are given in reduction mode. 

The oxidation potential ofthe elecodes canbe obtained 1 
mee ena conains (2. 25°C ad 1 abn 
These reduction potential are given under pote 
Denne and 1M sloon of eos cnet pe = 

change the values of reduction potential 


‘Abrtef sketch ofthis series is given below 


reversing he sign of het 


; 


Pee 


ove FERRE 


et bare ve we vane CURR, 


gze 


2peP eRe ep ere 


Leen 
wee 
ote 


Netter 


Mg 2 


a oe 


Ine te 
Oe 
Fete ze 
cata 
Ni 2a 
sates tem 
Pete 
area 
at ete 
arte 

bette 

Fer ae 
atte 

Hater 
Be +2 
aene 

Ae 
Fee 


Peedcddad ddd ddd ddd deg 


PRREE TURP Ree E ere BE EO RE 
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\Geraaving obength a an reducing agent 


010 
0125 


+058 
40821 
40585 
som 
+0758 
+0865 
+108 
+1360 
+150 
aa 


RPrLICATIONS OF LLL CIROCTIINc area 
‘The emf series has many applcaton, 


FIR ir scnt oh the foaled a heal teen 


Using standard reduction and oxidation 


Potts, snare al eaboan 
detemined. ls, Sontaely ofa cel recon can be 
‘The cal voltage is determined using he formula 
Et = Em + Ew 


+ IfE%.u is postive cll reaction i spontaneous, 
1 ES.aals negative, cell reaction non spontaneous, 
Gamoled 
2n—> Zn¥* + 26° Ey = 076 vols 
gutte2e"—> Cy Fong = 034i 
n+ Co® —> Zr + Cu Bg = 110 vos 
‘This reaction is spontaneous, However, severe reaction wl nat be spontaneous, 


“This Cu” can onde solid Zn, bul Zn cannot onde old Cu. 


While making Galvanic cel, the in 
the electrode below il act as abode, 
‘At anode oxidation takes place, af cathode reduction aes pbe, The cl potent 
Setemined by the formula 
Bog) = Mey + Epo 
*aor2n—Cu cell ee 
Ohdatonpotentl of Zn +0.76 vot, whe oueton pte fC #024 


Fay = Et Bhag = 076-4084 = L1O vats 


Restromotise Fores (em. 


The cat voltage or emf menrues th fo 
chet ell voltage or am 


raactonf0 
This, ttm ndency ofthe cal papi 
hes gue ee oft eae ees 1S 


Example: The emf of e Zn-Cu cas 110008 


= 


“Thus, Fe can displace Cu from CuSO, 
Fe + CuSO, —> Cut + FeS0, 
However, Zn cannot displace Mg from MgSO, 
Zn + MgSO, ——> No Reaction 


ona ike Au**, Pe, Hg", Ag’ , Gu and non-metal ke Fy » Ce» Brand l which 
Hence, these easily undergo reduction, 


‘These may be of two types 
Priv:ivrn crt] 


These can not be re-charged. 
eg, Allaline batty, Siver-oxde battery 


| SEs 
CGeaier the value of siandard reduction potential, lesser isthe ability to loowe These ean be re-charged 
(Le. change into postive lone), Hence its reactivity is less, Thus ‘9, Lead accumulator. 


e 


‘© Metals ike Li, Na, K and Ri are highly reactive. 
2 Coinage meals Cu, Ag and Au are the lest reactive because they hove pot 


seduction potential. aes Prima ¢ 
. Metals like Pb, Sn, Ni, Co and Cd which are very close to SHE react very som BI They cannotbe recharged _—_ 
‘team to berate hydrogen 928. They contain electrolyte in an ‘Be 
«Mauls ke Fe, Cr, Zn, Mn, A and Mg have more negative reduction pte HO ‘adsorbent or separator. Thus these 
these react with steam to produce metallic oxides and Hs gas. sre.called dry cals. 


Esamolee or 
«© Metals tke Zn, Mg and Cu have nagative values of reduction potentials. Tho# 
Meroe He 
Le,.2n-+ H+ , 
te, 2n 2oCh + He vis ™ 


+ Metals the Au, Po, Ag and Cu have high postive values of reduction Pot 
these do not bere Hy - . 


A ee 


Itis 8 re-chargeable car balery 


‘Two electrodes are connected through an 
‘extemal circu. It produces elecical cuvent by dlcharsins, 


Bahn ne eve] 


producer clecric curent by discharging 


Discharging 


‘AtAnode (oxidation! 


"At anode, lend atoms loose electrons and oxide to Poi. 7H** fons combine with SOx" 


lons and deposit as PLEO, on anode, 
Poy + SOx? pg —> PLEO gg 20 


“The electrons releated passthrough an tera chef and Uns produce elec 


SA on sande. When gives ed reactant 1° 


clectrolyte to give lead ions and water. 


POO ni + 4H ng + SO, ppt Ze” —> PUEOyy + 2HLOn 


‘ThePO* ions then combine wth the SO,” and dept as PESO, an cathode 


Poy + PEO bn + 4H ay + 280," uy 2PLSOun + 240 


‘Thus, electron flows through extemal circult and can be used to light 


bulb a. 50 


jesse a —— 
Duning his, anode ofthe extemal decal cues b Goncasd Poa 
ie connected with cathode ofthe ea," © Umedted t mode of cal wile 
"Tus redox reactions ae reves 


PESO uy) + ZH{Op ——™ Phy + POO2y + AH" ig + 2800 oy 

‘Dring dscharging, te cone. of ac fas ands deraty dozen 1.15 gen. Dung 
_ethttionconcenraton of cd gous baka 125 fon and velop of el scone ake 
awotind 2 volts. 


"fs matnly used as erbatey fo sang ngs, for lightening up cr HS 


IvWeAT CAR BATTEN 
‘Apical cor battery consists of stl, 
ach ell gives 2, 

Each cl conta toa pcs te dered et 
The atode eased Os 
a cre te ee 


‘as sheets between the cing wcietl ysl cana 
gts prev | 


connected ins 


{tls ary attaline cel 
lhses Zn and MnO a enc 
vile 


MM 


N 


“The battery is enclosed in a stg contnine. 
Zn dectrode is slightly porous to give larger effective area. It allows call to deliver my 
‘curent than common dry cel Wt also has longer lie. 


ts reactions are 
‘At Anode (oxidation) 
Zny + 20H ag —® ZnOHag + 26 


Atcathode (reduction) 
2MnOnuy + HiOp + 2e7 —P MnzOmy + 20H ag) 


‘The overall reaction is 
Zn(s}+2MnOny +H:0q —P MngOy + 20(0H in 


Call voltage is LS V + 


Tes used as power source in electronic devices ¢g. watches, auto exposure cameras ed 
‘electronic calculators tis very small in size 


grit 

oo 
‘The cathode is of silver oxide Agz0. " 
‘The anode is of Zn metal, irae 
The : Top boo 

electiolvte is basic. wane 

Pet 79 
Following reactions occur 

sacar ee fans 37) 

Ziyy + 20H wy —> 2n(OH) ng + 26” 
Atcathode (reduction) 


AaDy + HyOq, +26" 
‘The overall reaction is 
AaO rg + H:Og +Zn(s)_ —? 2Agy) + ZnOHauy 
Veliaae of battery is 15 


> Pay + 20H ay 


mt cA 


An 
ise song cl arely tsed In NCAD or Nee Cann bate 


evel 


Following reactions occur 


Cay + 20H ag —* CalOH yy + 26° 
NOjyy + 2HsOg, + 2° —> 
sBeation 

Cag + NiOgy, + 24:0) —* Ca(OH + NOH} 
Yallae ofthe cell about 1.4 
In this, solid reaction products are deposited on elckods like lead amery. Thus 
acon is easily reversed during recharging. lace no qnses ae produced during czaraing 
xthasing, therefore itcan be sealed. Its lohtusaht 


NOH + 20H) 


} Wisused in battery operated tous and ponble compute: 
 Yisalso used in cordless razor, phololash unis 


ey 


o.! 
"common fuel ell Hy oni © 110 2 


js etuced to OH 105 


. 


N 


WW) LR 


Haw #204 pg? 20m + 201 = 2 


‘AxCathode (reduction) 
Ong + 210m + 46°—* 40H ns 


Bag + Ory —? 2HOn 


“These cell run continuously aé long as reactants are supplied. 
‘These cel are operated at high temperature 


Toot are wed tn pece vies Wer formed as by produc It maybe 
Te aatkig Thus Fue ele produce sletly and pure weer deg 


To get several Klowats of power, many fuel els ae connected together 
Foe! cells are very ffcint. They convert about 75% of fuels bond energy io set 
Fuel calls are ght, portable and sources of elect. 

Many fuel els do not produce polit. 

‘Some other cll resctions in fuel ces are 

> + 3,0 

—> N+2H0 

—> 00,4240 


Fr,  Mubiple cholce questions 
peat outin nthe 
re 
{c}bot ya need veckenicn, (d) Neither axidation nor 
4 eet Ba 
| 
fy Wich of the following statement ie comet about aban cl 
[Blanode is negatively charged (]redichon cecum at anode 
{Rjcathode s postively charged __—_(educon cru at cathode 
nc he) Sand 0) ge rd 21 Rar Bo 23 
(W), Stronger the oxtiaog nget grater the 
{a} ondation potential fp reducton porn 
{6} edox potential (a) ENF ofall 
neh Bie Core Bar 8,11 Se re 6 
0) Whe salt bridge te wot ued buen 00 hal calle then the ot 
fal decrease rapidly tb) Petey slowly 
(c) does not change (2) rps 20 
pal EOS ROECNAOOS, mains do 8 Ba 1) omen Sm, 
apis Bee, 1, op 22 
1a trp of Cu mata is placed in elton of FHS 
{a} Cuwill be precipitated out (o)Fetsprecated out 
(Cu and Fe both diealve ta) No maton inte pace 
apa ce eS Ransom 


as 
2, ayn ae oe tor 8 
ean 


in OF and 


i sa 


y 


nz: 


see 


ate cheters Path 
ti) Conducviy of metic conductors due 19 the How oF _. whe yg 


cetrolyts is due to flow of _ 
Tis termed as oxidation, and at the 


pao spencn bal 


MINGLE FULCTROBE POINTIAL 


Pine potential set up when an 
ddectrode is in contact with sohtion of 


pw nL 
‘i wp when an 
lecrode i in conta vith one molar 


(a) Reaction taking place at the — 
called reduction Saaaih tei a FB cee on ete re Este Hl eno neo 
i) is setup when a metal is dipped in Is o4n Potent aan lon a 2 K 
0 eg pe tcn| a a 
solution wth Corzathodes. | Ti binpersure, presen MI coninors ins 280, ts 
(si) The reduction potential of Zn is volts and its oxidation potenid ¢ contentration. Ban caves eae te 
val. ere end Tien ree sm 
(vi) ivaTuel cel teacttogather inthe presence of Tip dencted by E. Ws deed VE | 
The lockochemical sere & not MI The elecochenial sete b bwed 
‘ised upon single electrode potential ll upen sandard erode potential | 


(QS. Indicate TRUE ot FALSE mt the case may be. 
sett Tas rorductoneocrons low tough he ecco 

Inert cots, the darters nthe excel ecu few fom abet 

ate 

Me or-ectohe sc fom and when dissed in wate wl aoe 
ctor eset coment 

ation the pmsoge ofan ec curent when isi cod ie 

duce of equcos caper) cherie skin ae SFP 
Dire. 

SES lace eon orm schon 

Fee Te ettace aren connected nih Cu elec 

wo Mine os prosucs wacral energy atthe expense of 

Tr Cent serge bay nt reverie cal 

Le canes mors hen Rr, anc with HO 


ernicel ener 


a re ee 
stn? Fw sn tbe mecoured? Ges tmportane®. —— 


‘Gbiine the Important applications of eecrohes, Also wrt the elecrochemlel 
 ictlons Involved thereln, Discuss the electrolyts of CuSO, using Cu electrode end 


alee 
U0._Describe the Conasrction and workdog of tandord hydrogen electrode. 


othe reaction FO" + Ag = Fe + Aat pontonce? Uno 
‘rection Inpoloing these species. 


Fe" + Ag re tat = 
te re acon Ss gv a on Tae. F0 wE 
wile Ag” as anode- 
Thus, emf ofthe ell wil be 


Tae : 3 
Fe IE eyes tapas ° 
am 

Gi Deaibe the datoipas of molten modi chloride, nd o comeensred 
odie chorkde sre cal ection an onan 
‘Seived on Poge 575 Sc emt of ellis negate, Ween canes 
Dat be decodes rere, ee an 
1 ae 2 


Fe + Agh — 
Tats 


Erg = (4 1.2594 


ew) {Pe 


IONIZATION 
"The process in which fonic compounds 
when fused or dissolved in water split [I 
up into charged particles called ions. 


"The process in which eloctcty ut 
to camy out a non-spontaey 
reaction is called electro 


Mrecvcal conduction lakes place cue A Decal meee mee 
tofree’electrons. iStoek. Be reson] 
So fo need comet neo I See tat we mT Fe 
poten sae 


‘mote sae fr deta end 
ff this ease, conductance decreases = 


Electrodes are not needed 


Electrodes are required 


Tn this case, conductance menses 
with increase in temperature. 


‘Blecricty snot needed 


Bloriricit is required 


sth increase in empeatre 
No chemical reaction occurs during 


Since there are no electrodes, therefore, 
fons do not move towards electrodes 


Tons moves towards thei reach 
electrodes 


‘Chemical eactions occu tak lace 
conduction. 


uring conduction. | 
‘Chemical composiion of metal i not 


‘After ionization, tons afe not discharged 


Tons are discharged at electodes b) 
give neutral products. 


‘Since cherieal wacions Om, 
changed during conduction and no [EM therfore, © new substances a 
ew substances are produced. 


@) Electrolytic and Voltaic (or Galoante) cell 


[Fobolobed Board, 2007: Muken Board, 2009, 2010, 2011: Gujranwala Boor 20 


Sota. Ased Kear Boor, 2012: Sagodha Bourd, 2012) 


vec + ELECTROLYTIC CELL : 


The electrochemical cell in which 
FIM electrical eneray is converted into I 
chemical energy 

Tn this call, a non spontaneous reaction fg 
\s cared out with the help of electricity 


produced. 
‘Beam: Example 
‘All meals are conductors. e.g. Fe, Pb [I Molten Sats es. NaCl) or thet) 
te 


‘aqueous solutions acs, bases te. _| 


ne ESS 
ia Describe o geloane cal explatnng the eson of cectrdes end wt pe. 


10: Lahore Bow 2. | Sheen Page 576 
——— | Ue Wits comprehensive notes om 


18 Spontanelty of axtdation-reduction reactions 


ee | enor 
The electrochemical cel Blectroitie conduction a 
chemical enenay 1s corvered Soluedon Post STO tat, 


decrical enemy —_—<z| 7) 
iris apontanearsveaaion = ‘Solved on Pose 587, 


In this cll, chemicals are the products 


produce electricity 
isthe prot 


In this cell 


Example: Down's Cel, Nelson's Cel 


Examples: Altaline 
‘Cadmium battery. 


ate 


| (4 Leod accumulator tt 


‘5 "WiT aha reaction ba opontens ort 
‘the value of Eoell? 
Crys Be > Che, 


ag + HOw 
() Mndge, 240i +20 Met 


‘Rendard reductian potential fr react 
TLE endfor ihe rection 0 = HEISE 
0. 


inthe fs 


Ue Cris reduced from +36 


fi) Mins elso reduced fon +519 42 pot 
vectors 


eduction reactions, hence thes? 


y 


FE LEA 


‘Cole hasten Parl [2] 
However, i reaction ()) is weversed so thal Cr is oxidted then the reac _~ 
spontaneous and is emf can be calculated at an 
MW Chg > CP wy +30 Ele 40.74 
UW) MrOyg edb? +20" > Mn¥*y+2Hy0 q E® ae + 1.28 


cero cel given by 
Bag Ew + Eis 
Evy = 40.74 + 1.28 
Ey (2.02 | rf 


gg eon 


{e) A porous plate or eal! bridge ls not required ln fous aiorage cell, 
thar Bod, 2009, 2010 Sergodhe Bow, 207, 2008, 2014 Fesoobod Bou, 2007, Bi 
ford 2011 D.G Khon Board, 2012 Rauelpn Boor 212: Mukon Boar, 2012) 

A salt bridge has two main functions = 

+ [Rjoins the solutions of two half cls and thus complete the circu. 

‘+ Itmaintans eleccal neutrality ofthe two half cells as ions can passthrough 

In Lead storage battery, both cathode and anode are dipped in the seme site 
‘Therefore, excess postive or negative ions are not produced Inthe soktion, Hen. et 
no need of salt bridge. 


1B) The standard axddation potential of Zn la 0.76 V and fia reduction potent 
v. as (Lahore Board, 2008: 0.6. Khen Boor 7 
‘According to the law of conservation of energy, eneray can neither BS Teta 

destroyed. Therelore, if standard oxidation potential of Zn is 0.76 V. then i poi 

sree roves e: andar econ poe wlan be sre ‘but with post 
us 


n> Dnt + Ber EY, = 0.76 
Int +20 4 Zn Eu=-076V + 


{e) Ra end K can doplace hydrogen fom eclds et P Pd end Gu ooo ay 
(Rawalpindi Board, 2007: Gujranizala Board, 2009: Bahowolpur Boord, 2009: Folsotabod 
{Sonar 2011 And Kat Bor, Se Soa Bad 072 2014 4 
2n can displace hy jm jut Cu canr Pruronel® 

bydrogen fre ‘acids but Cu cannot do so. Why?%6+ @ 
[Nacan dplace hydrogen from acid but Cu cannot. Why? ates oud 320 if 

Greater the vaiue of reduction potential, Lesser is the ability 1 Toose ele 

postive fon, Hence weaker iit tendency to dspace Fi 


Ld ‘ci 

1 Matas ke Pt, Pb, and Cu have hgh potive vale ol eduction 
wale potential. Thus hese do 
“s Metal lke Ne and K have nepatve valu of reduction potent. Thus, these can 


tundonctes 
Metal stom from electrode leaves 
oxidation process 
M—oMt+e 
Metal sons in solution may take vp electrons frm He 
toms on electrode. This s reduction procest. 
Mt+e —M 


Jecton on meal and goes into solution. THs i 


deere and depost 28 


acl mo pcm The 
At Jc equilbcium Is established due 10 sare ste T 
seiig rane et sh no oh 
He Poet ee 
Fea TsHigs sisi ta lero! west nth on 
(el A eat br atm te elacieal neutral) go a i 
1 ae ai ty sve tts 
Peercrray i id at z p= 
aaa decicaly come ty 028 
Cons noel 
Dace serio of ea Zui a ene 
charge fs incrensing cosia 
Po poe, ts fgoeson colcng negative che. 


foe electrons. Thus, in his positve 


‘While, Cu hat el contiucos reve SFE 
“evden olecton of agp cham P 
Canetti oof charges in sier beaker, Thus from 
tt a ene oo oat Za 
al, neg Cr ohtns, lect ect 

CR aay, at nn ane 


Ppt acct 9 AT yr So 208 Sit a 


0) mel, 


ie 


ene 


For recharging of Lead Accumulator, the anode of the extemal electrical 
connected to anode of cll wile cathode is connected with cathode ofthe cel, 


“Thus, redox reactions are reversed 


POSOum + 2HiOn ——> POO + BH + SOP yt ee 
vera Reaction 
‘2PSOauy + 2HiOp) —— Pog + POO an + 4H ay + 250% a 
During discharging, the con. of ack falls and its density decreases to 1.15 ofan? Dury 
recharge coematon oad oes back 25 gen and vote cel eon 
around 2 vols. 


(@) Impure Cu can be purified by electrolytic process. 
(Sapo boo, 2 06 oon Bor, 2 Lae Bom 212 Saunier 212 Pa 
Sots Sat ana a 
tmp Ca can be made prem an elacobc call Thick shea of pe xp 
made mode, wd, tin shee of pu copper are made coin the cl, These Se = 
plead nan ccrobe coon of OO, 
‘When current is passed through the call, Ca from anode is oxidized to Cu" tons, wit 
9 into the solution. From the solution, Cu®* ions are reduced to metallic Cu and depost* 
pure Cu on cathode. In this way, impure sheets of Cu (anode) become thin, wile Pt 
Thee of pure Cu eth] become tk 
‘The reactions in the-cell are * 
‘At Anode (axidation) 
Cu > Cu + 2e 
‘At Cathode (reduction) 
Gu +2¢ > cu fo 
“Thus, there ino net eatin in the cl However, the net rat isthe puters, 
BSH. ecs or ovode when connaced withthe Cx electrode bu 0 
coe 


ms (utara, 2008, 201 a 
T, SHE. (0.0 vou) has higher eduction potential then Zn (— 0,76 vl). TMS ay at 
these are connected elecron flour from Zn to SHE. Hence, Zn ects 

SHE. a8 cathode. hen 
2. SHEE. (0.0 vols) has lower reduction potential then Cu (+ 0.34 vol) TP Sade 
si orate ree acti ae 
‘as cathode. 


Wi cae teeter neni ocr |Celealote the oxidation number a a 


eae a 7 
‘Onidation number of CI=-1 Oxidation numberof vi 
See ST Semee ap 
saad 
= 
For eC, 


oe 


40> 
OH dation number of K=41 
(Oxidation number af O = -2 
(Oxidation number of Cr 
Thus 


For KxCrsOr 
QC) +t 1-2) = 0 


Ben 12=9, 
or x= sia H sol wate Br 20 5 
eee a nen nk OR Oba or a eee Bork NN. —__— 
Peter ris 

CeO, Feozon numberof O = -2 

Besson mumberal = 2 OeKeson Na of r= x 


For NoPO, For NaxCOs 
at) +x AED) 0 Adl)+x + 4-2) <0 
x-5=0 «-4=0 

or xa 45 on = +4 
CesGOu)s Cal10,) Wit Bo 208) 
‘Oxidation number of Cr=+3 Oxidation number of Ca= +2 
Oxidation number of O = -2 Oxidation number of © = -2 
Oxidation number of S = x Oxidation number of Cl = x 
Ths Thus 
For Cr(SOs)s For CalCl0s}s 
+3) +3{ba)+ 4{-2)] = 0 (+2)+2[ x + 3{-2)) = 0 

x-18=0 242% -12=0 

or x= 183= +6 or x=l0/2= +5 — 
Xtn0, HINO, (od Berk 2011) 
Onion number ok =4+1 Oxidation number of H= +1 
Oxidation number of O = -2 ‘Oxidation number of O = -2 
Oxidation number of Mn= x ‘Oxidation number of N= x 
‘Thus ‘Thus 
For KgMnO,, For HNO, 
2(+1) + x+ 4-2) =O (+1)+ x + 3-2) ze 
*: x-5 

: or x= +6 or et es 

‘HEO, ‘Ravatpand Board, 2010) “Try Yoursell 
‘Oxdation number of H = +1 HQ, cogs NAH” 
(Oxidation number of O = -2 Za(01,, Hab. NOS 


‘Oxidation number of P= x 
Thus 
For HPO, 
(4i)tx+ 3-2) = 0 
x-5=0 


ey Bence the 
HN, FH > NOHO 
7 Identify the elements, which undergo a change in ondation umber and wie thet 
craton numbers over the ambos 
wae 
«Determine the no. of electrons gained and ll ond ute them. 


ee Loft) 


Hiko, +1’ — No+keHo 
ae 
eee 20 = De etn) 


1+ Balance lows and gain of siecuoi by Hy 3. 
HINO, + 3HI—> NO + f+ HO 


| # Balance the rast of equation by iapeton 


“SHINO, + GHI—P2NO + Sh +440 


sd econ, there, wt sal wie tbe B= 
Sine rd crm dint ec 


: apecton meio 
oat area of eutto"ra6iOy + 1ONABK + 6H 

Sy +Bia + 2M oyg6:0, + 1ONABr + BHO 
Nation + BNABr + 3,0 


or 681 1128008 
or 380 +6 


alia Camere. Pad Ld) ms 


Fn + HNO, —> ZalNOyhy + NO + Hy HOME: Co maybe pronane np 
Ce see nett bes septa Bow Sy ee 
‘« Kdentily the elements, which undergo 2 change in oxidation number and wte the; 
oxidation numbers over the symbols. 
a8 


ors 
—+ 2n(NO,), + NO +H,0 


Pere 
Zn + HINO, 


@ In this eg, Nis reduced from +5 in HNO, to +2 in NO. But it's oxidation state is no, 
charged in CulNOj), . Therelore, write HNO, twice and determine the number a 
‘dectrons gained and lost and equate them. 

wre x 2966 (reducton) 


—> Zn(NOs) + 


HINO,+Zn + HNO, 
om 2.673 = 66 (oxidation) 


© Use the multiplier obtained above to balance loss and gain of electrons, Thus Cu it 
‘multiplied by 3 and HINO, by 2. 


HINO g+ Zn + HNO, —> Za(NOy}y + NO + HO 
Balance the rest of equation by inepection method. 
GHNOy+ 32n + ZHNOy—> 3Zn(NO }, + ZNO + 4H,0 
o- 
Sdn + BHINO, —P 3ZnINOs )g + 2NO + AHO 


MnOy + HCl —* MnCl + H,0 + Oly (aared 
© Identity the elements, which undergo % change im oxidation number 2nd 
onidation aumibers over the symbols, 
wea ons a en . 
Manon HCl > Hath’: HO + chy 


“5. We HCI 1 0 on Oly a is cxition se 81 
- Ah dace OO 


+t te a Oi racer from 
eine MAC There, ts Ci tice sn Canaria tha 10 
a a sr as 


priest 


WH Maliy MG — ally ® HL) + Os 


wa dia 12> Le wsnmnny 
(Vere espa iaicar ace vo bamsnae ne air sin of er tvo0% 


mt 
Cecctentan pha emt: Pat 


HCL+ MoO, + 2H, 
Me +0 +0, 
Balance the rest of equation 
HCL + Oy He tos 
* Meh + 2404.0, 
MnOs + 4HC—> Mic, +240 +, 


FBO, +KC1,0,+H50, —> Fesx 


Fe50,+K,Crg0;4H,50, —> FeyS0,) +¢r, “S044 +K.50,6140 


. Determine the no. of electrons gained and lost and equate them. 
FeS0¢+ HCHO, +HSO,—> Fetal 1804 ¢H40 


mole x 6= 6 (onda) 
‘+ Use the multiplier obtained above to balance lu and gain of ectora 
EFS e+ KyCr4Or +450, —> 3FeySO,y+CryS0d #HS0.4HO 


+ Balance the rest of equation by inpecton mebod. 
FBO 4+ KxCr4O,+7H1,S0,—? IFetSOdy Cel 


5 rahuced hom +6 HSCs 
{WH charges Cuekg Thane, st HO 


Wioug ongo, —* 5m 
nee #220 enti 


tained shove toalance ls aed gin of electrons. 


+ Usethe 
eee Ou804 + $05 + HO 


HiSO, + Cu + H:SOe 


4 Balance the rest of equation by inspection method, 
1150, +Cu+ HO. —? ‘CuSO, + $04 + 2X0 


Cut 250, —> CuSO + 90s +2420 


50,2 Ht _—>_ 80, ++ H,0 
aay deren, vii undo © change 6 ovation number and wite Get 
‘cation numbers over the symbol 
aa ane 


tio. st Sr + HO 


aemine the no of electrons gained and lst and equate ther. 
tron) 
Hig, + Ht —> So. +h HO 
tmaie B= 2 too! 


Use the multiplier oblained above to balance los and grin of datos 
é H;SO,+ 2H] —> SOr+h+Hi0 


4s Balance the rest of equation by inspection method 
1:50. +241 —> 50; +h + 2,0 


“Ha HO, = HSO, ——> Raps = es TiO. HOt 
doar ers wich andere & change i exdaton nur 
veer umber over the sb, 


“and write Be 


Deal 
e 


> nasortihnso,+ti0+dh 


Use the mutper obtained above to balance fos and gan of eacront 


FE OEE LEIS 
“i is 


Mit His * HSOy —> NSO, 
50.4 Hos, 


the rest of equation by inspection method, 
' 0; + 2H;SO, —> t 3 
yoo Mo 180, NowSO, + HS, 240 +. cy 


escent, 


agenesis 
_Retcestpe Bowe, 2011: Maen Boor, 2812) 


~ gi the elements, which undergo a change 
Iejaton numbers over the symbols gem oxidation runiber and uit this 


pibaOy +H > * CIS CO + HOO, 
«ebay, Clis exiled from 1 in HCO Gy. Bits xo se 
sen KCI oF rCls acute Hl wen ddan octet 
pine and lost and equate them 
inci 2{3)e be x 1= be ttn) 
ons WiiOs + HEI Hers Gey + HO +h 
as 


eo 
perrerrerr 


Blanc te rest of equation by inspection method 
oy BOL +K:CrO, +6HC—> ‘KCI+2C:Ch + 74,0 + 3 


KeCrs0, +14HCI—P2KCL+2104 + THO 30h 


~~ 
\ 


WY 


Sho Fe Sat + Fel 


(Serpodia Boor 2019) 


4 entiy the elements, which undergo oxidation and reduction and sPlt up the 
Into oxidation and reduction half reactions al 


reo Fe 
‘sot —> Sut 


«¢Wite doum the number of electrons gained apd lost in ench half reaction 


Fe + 1e—> Fe'* (reduction half reaction) _(1) 
Get —> Sut + 2e (oxidation half reaction) __(2) 
. Equele te tot number of electrons geined and let by living en () by 2 wi 
then add them. 
Fe" + 2e —> OFM 
> Soft + 


Sa + Dre > Sn? + Fe 


We G4 nO zi 
> entily the elements, which ‘undergo oxidation and reduction ‘and split up the 
vesction into oxidation and reduction half reactions 


CyO,* —? 2CP* (reduction hal reaction ) 


ocr —» Ch (oxidation half rezction ) 
© Balance oxygen by adding Hi. 


cy0,* —> 2C#* + 7H.0 
ar Ch 


‘+ Balance hydrogen by adding H” fons. 
14H? + Cr,0,* — 2CA*+ THO 


va > Ch 


2 eg 
|. Bquate the total numberof electrons gained 
Ee the to hall eacSorg, nt phing 2 3A 


GH* + CxO, * + 6 —> 2C* + 7H,0 
Ger > 304+ 60° 


GqOy + MA + OC 20 + THO 


GENO Ga" 4 NO, FH) oman 


+ Wentify the elements, which undergo oxidation and reduction 
reaction ino exidaton and reduction haf reactor. aise 
NOs! —> NO, 
ce ct 


(reduction half reaction) 
(exidatin hl escton) 


+ Balance oxygen by adding H,0. 
NOs? —> NO,+H,0 


cu cut 
* Balance:hydrogen by adding H* ions. 


2H" + NOs —> NOs 


cu at 7" 
We dou ne ne feces iat ce me 
Be eNO sie > BO HO —' 


ight @ 1 by 2. Ad 
‘rz 
then add the two half reactions. 
4H 2NO SY 4 Bere ONO + HO 
Ce rh eee 


Gane re erga 
NATE Se Ga ING + HO 


CFA GPE HAD, z 
Or expo avin and reduction and Si up the was 


HO + Hypa, —> HyAsO, + 2H" 
+ Wirte down the nurciber oA eheczons geined and Sost in each hall reacsion 
BAH + be 9Cef0,% —> 2% + THO __{D) 
HO + Hie, —> Hyte, + 2e + BH_ 2} 


o gun he wd ember ecoregions hi 42) 9/5 708 


fen ah the tc ball reactors, 
ait = ba +0 —> D+ THD 


Lo) 


oxygen by adding H,0, 
«,bosaig om ea 


0st —* 200, 


+ ane MeO, es yo 


Oe —> 
«Write dawn the number of electons gained alti ech hl econ 


Ser+ BHY+ MO” — Mal aH) 
COE > 2004 + 26 
4+ aqua the total number of elecwons gained ad oy gh a2 by 5 an 


0g.) by 2. And then add the 0 half eacions. 
e+ I6H*+ 2Mn0,"—> Zin! + B40 


2 


SCE" —> 1000, + 100° 
ED FTGET a > Da 


Fe + Cp — Ch Fe 


mc EHH 
poser on 


Gert GH'* IOs > 4 H0 


MH’ + Ger +x," > 207" + 7H __ (1) 


Fes —> Fett +1e"_@) 


«quate the total number of electrons gained and lost by mulplving e412) by 6 Ang 
then add the tH0 half reections. 
14H? + 60" +Cx40;7°—> 207" + THO 


i = TS | deny the elements, which undergo ox 
ee het be! Wen fadon and rection haltedien, “M294 ty wan 


CaO Ta aOR —> GFe + 207 + 7HLO 


i BIO,” —F Bi? (eduction hat actor) 


TOy- + ASO? —> re ALP 


20H > CxO y* (cnn tll eaten 


«dently the elements, which undergo oxidation and reduction and spit up the rac, J « Balance oxygen by adding HO. 


Into oxidation and reduction half reactions. 
a 


Be {reduction half reaction ) Weare 

THO +208 —> C10; 

AsO; —> AsO (oxidation half reaction ) 

+ Balmce hydrogen by adding H* ions. 

Balance oxygen by adding HO. eiocagen 
. Git + BIO, —> Bi +3H0 

oy > +3H. THO + 202" —> CaO," + 10H" 


HO + ADP As" + Wite down the number of electrons gene an os nec alechon 


‘+ Balance hydrogen by adding H" ions, das Ht 4 BO: > BY HHO 


Girt 107 + SHO myosaces —> cyopreisers6e 2 
a une the ttl muir of lecrons ue nie) EP 
then add the two half reactions. 
G+ 1gHr + 3810," —> 381" + 5H 


HyO + AsO, —> ASO, 


“+ Wee down the number of electrons gained and lost in each half reaction i 
Tmyoazaes > cxorret + 
i 
Sore OOP 
ee en Te 
EEO 8 


Ger GHTHOS —> 1+ 3H,0 a 


iO + AsO, —> ASO,2" 42H" + 2e 2) gan 
. ce eal umber of elecrons ged and Tot by mulling 2002)” 
then add the two half reactions. 


stv sete etd 


‘Sellaes Ghamietre Pret Ls 
© Identify the elements, which undergo oxidation and reduction and split al ‘Eherechenian 
into oxidation and reduction half reactions. Ste eee ae mnes 
1004" —> MnQys 40H- 
oc > Cl {reduction halfreacton) ey ‘ 
5,0, —> S,0/- (oxidation half reaction) seein cannes 
* en by adding HO fons. 
Balance oaggen by ading HO. 2H, + MnOy-—> Mndg+ 408 ; 
oo owe ene 
25,0," —> 8.0} «We down the numberof lectos gun and et in cach a reaction 
+ Balance hydrogen by aking fons. Bert BHO + MnO —F MnO 40H __ a) 


Oci-+2H* —> cr +H Oe > 200, +e _ 


$e the total number of electrons gained and lst by multiplying en{2) by 2 and 


25,0; —> 8.0 ; . 
eq) by 3, And then add the bo half reactions 
“+ White down the numberof electrons ganed and lost in each half reaction n 
Ge" 44,0 + ZMnOy" —t ZMnOrt BOH™ : 
2e- + OCI" 2H —> Cl + HO __() 3C,0} —? 600: * 8° 
@ — i ee 
Fo => TWA GOD, BOF 


25,0 SO +22 _() 


Vint CNO™ ©. Ken tom 3009) 


WhO, + ONE 


© Add the two half reactions. 
2e" + OCI'+ HY —> Cle + HO + ently te element, ich woe an a edcton ands vp the reson 
ye SOE + 20" into onldatlon ad eduction hal eats 
oy sustonl racton) 
Mae Meet, udatn acon) 
See and OH" fons. 
af FEET | . aemaneenere nse 
‘2H,0+ 
«© Identify the elements, which undergo oxidetion and reduction and spit uP the ott - +H0___2) 
into oxidation and reduction half reactons cu, 20H Peon ned wo atin enc al rncon 
Wee down te um ——r Met 40H __ (0) 
MnO;- —> MnOz’ (reduction half reaction } sere BHO-MEN 3 cyo= + 04 26 @) 
Con + 20H ectons guned and lst by multphsina e312) by 3 and 


re me ar 


«Add two OH" Ions for one each oxygen atom on appropriate side. 


SOTHO + BO —— > BMD et ZO" + SCNO™ 


TAO. # CO > OF HiAee — 
ently the eemen’s, which undergo oxidatian and reduction ‘and split up the reas, 
‘er guidation end reduction half reactions. oP intete 


(reduction half reaction ) 
(oxidation half reaction } 


CHO" —> 2C7* 
HyAsO, —> HyAsOs 
Balance oxygen by adding Hi. 

CHO," —> = 2Crt+ THO 
HAsO, +H > HiAsOy 
Balance hydrogen by adding H* fos. 
14H* + CryO;4-—> 207° + 7H, 


HAsO, + Ha —> HyAsOy + 2H" 
inte down the nurnber of electrons gained and lostin each half reaction 


MH? + 6e"+CxOp—> 20". + THO _ (1) 


> Hho, + 2H? +20" 2) 
. He petel ner of eer gd an ty amples 273 


SHAD, + 3H, —> SHAD, + SHY + Ge"_@) 
Tas BE + SH ASO SHAE, + 2Ce* + 4,0 


Multiple 
Pe cxiation No.of xygen In OF; (at doe. 218 
W242 4 
«eyes eucton pti dchchencalis AF rd seb crt 
pet 200 


zy a) +88 


(@) Electrolysis 
(0) Deleciyti refining (0) Bec station 

4, Stronger the oxidiing agent, reat Is the dead Bed 010, 2018: Gero Board, 
1013, 2016) 


fe) oxidation potential (9) reuafon pout 
{e) redox potential (@EMFotcel 
sehen we fe ce ezine aH a 009; 0.4. Khe Bom, 
2010, Grats Boor 201 
te) oqucoueNoclo) maken NaCl) KOH (a) NaNO, 
6. The exidation number of chromium in 4357 1s: (apn Bard 2009: Orme Board 
‘2009, 2010) 
(@) 14 12 as is 
74. Ondine of vom OO aril 


ws 


(eleccheal ca go 


owt 

9. Inreoction SFe + 3 cos SS cnwoudued (8) none ofthese 

Pee apport recarged aca (ahaa Bear, 2009; Oxamele 
faa i) smcnaycls_ (eels) imal 
feat ca ae: md Re 212 

AA HyOo the ‘m4 fe) +2 @2 


(a) +t ty hn ns arn a 


12 Bina poets! 3.00 (@) 001 1a) 050 
tO unseen tesa ot ar 
113. ondation 14 4 


| 
\ 


2 (3 


{a) Zero (b) 2 
14. The best oxidizing ogent la: (Maton Board, 8913) 
(Fi (bo) Ct, (© Bn h 


15, Which process ls used for the axtrection of A? (Mullen Boerd, 8018) 

(0) Costner-Kaliner Process (b) Themnite Process 

{c) Hell-Berouk Process (2) Combustion Process 
16, An Oxidlzing Agent: (Molten Bow, 2038) 

(0) Loses Electrons (b) Is Oxidized 

{c) Nelther gains norloses electrons —_(d) Grins electrons 
117. Oxidation Number of chromium In Cry? 18 Revspind oat, 2018) 


(0) +3 (&) +4 (e) +5 (4) +6 
18, Standard Hydrogen Electrode (SHE) is made of Rowan! Boar, 2019) 
(e) Ag fol! (0) Au fol (6) Cu foll (d) Proll 


19, Stronger Is the oxidizing egent greater is the (0.0, Khen Boerd, 2018) 


{a) oxidation potential (b)_—_-Redduclon potential 
(6) Redox potenti! (6) EMP of the cell 
20, Oxidation number of oxygen in Hy0 Is iSeandhe Boa, 2009) 
{e) -2 (2 (+1 (€) Zero 
21, Oxidation number of chromium in K2CrO7 1s (Lahore Board, 2016) 
(e) 2 (0) 4 6 (a) 12 
22, emf of Zn-Cu cal 's (Lahore Boor, 2010) 
(2) 00V (0) 05 (10 @iayv 


higher recon potent inthe ele chemical ees of and is vat = 


23. The 
(Fesicabed Boerd, 2020) 

(@) +38 (b) 387 {e) -28V (a) 287 
‘24, The reaction 2K MnO, +CI, -> 2KMnO,+2 KCI Is: alla Boor 221% 


(6) Chlorination of KyMnO,. (b) Neutralization reaction 
(c) Oxidation reduction reaction (2) Netiher exidation nor reduction 
25, In which of the following changes there is a transfer of five electrons! 
(a) Mio —>Mn0, (6) MnO,’ —+ Min? 
(3) croy —+Cr"—@) Croy —> 2Cr? o 
26: Electrolysis isthe process in which a chemical reaction takes place atthe exer 
(ihion boord 2010) 


{e) Chemical enersy (a into 


(b) clectical energy _(c) urease 


£ 


3 pando 3 


sion of Br, 10 BrO the 
weve oxidation sate of bromine change fom te owt 


prove 09 OWS i} 2ns 
ing to classical concept, oxidation Involves ibaa Bows 01 
(9) Addition of onygen {) remove of hydrogen 
(pease in ondation inte) af ove 
sp Spa hile nition Hale aan nd 10 Rap 8 
(0) 90 (b) $0, HS (e) HO, 
sn Oxidation sate of carbon in ucse #4. he Bort 0 
(e) zero {b) one (c} two (2) four 
31,Whieh one Is not an. electrolyte (Lahore Bord, 2011) 
fe) Aqueous NaC} — (o) Aaqueous CuSO, fe} Cumatal (0) H,50. 
38, Oxidation state of Mn InMnQj ls waore Board, 29111 
fe +4 {b) +6 +5 id -6 
33, Cathode In NICAD cell | (Feieanbed Boor 2011) 
(0.480 (b) NO, Cie a 
ae se of 80, usd inland amino omit rs 
{a} 40% {b) 25% {2 30% @ 
35, Loss of electrons called catre Bot 200? . 
(e)Onidation (obreducton —_(e 'SRIO? (a dette 
56, Ful celecanvr cra ene (emetic ee! 
(a) Heat energy {>} Light ené i en 
37. The eniation numberof in Ka ee 
3 WS 7 we penne vlog uonstert 4 
438. Ifsle bridge not used BetWEED MOTT uly 
(a) dacrenses raph {by domes 8 
{c) does not change {6) 607 et ~ 
B.InNaOn, the aon sn! OS 10 sun @+ 
i ae te Te 
{a} 2670, {o)-6 


cat SEONG ELECTROLVSIOFiboSErs 
[iROUTETION, ELECTROLYSIS, BECTROUTAC OTs 
po cosetons PROCESS OF INDUSTRI page 
BaF aie (0) electrolytic conduction (bE pa 
Board 2011) ecto el ate Bar, sop 
Fla Dat 


Q# | Ans | Q# | Ans | Q# | Ans | Q# | Ans | Q# | Ang 
Ttelztats |wy a te | 5 Tg 
shel Le, s bets Te 10 Ta 
AL (bo) 12 (a) 13, fa) 14 fa) iq 
fee ta ta te Pe P19 fe) 20 Ty 
21 fe | 22 (e) 23 {d) 24 {c) 25 | 

A eter 27 [to [es Pia 29 | te) } 30 fa 

31 {o) 32. {b) 33. ) 34 {ch 35 | @ 

(se Ta [37 Te 33[@ | 39 | | 40 | 


(@) Die 
ae ail be the products ered rscons¢f ec Man owt 


[8) Wie o brief note on electrolysis of aqueos sk 
Wie down cathodic a ueous sluion of Cl. 6. em 

Sein sone nd nok recoiled eco ana tn 

ride. (.0. Khon Bont 207 OR Ghie Coheed hae rotor 

tledtrolyss of coricentrated aqueous solution of Sedum Choide bande ‘oa of 


(6 See too applications (or us of deta case 
Se ae OPN oth 0 ton Bo sin aan 


pigeet nitro 
1 the electrolysis of molten NoC] and a concent 

Serie cat cob eee roe 
a » be. ‘the industrial importance of electrolysis process in deta? (Gqrmude Bowd. 010, 


Detailed Explanation of Past Papers MCQs& 
Answers to all Past Papers SHORT QUESTONS In 


COLLEGE CHEMISTRY OBJECTIVE BOOK-! 
SS ae 


/ esi 
CELL, ELECTRODE POTENTIAL AND TIS REASLRINGIN. STONDHES 
|ELECTRODE. 

ihinreae 
What is fandord clectrode polenta? Ge empl Pin Bon 3% 200 00,28 
{hay owe 2900, asd dcr 01; Maen Boe 28,101 Rom or. 18 me 
REE eae oe = 
:? Give its vlue. Barada Dor 
1h OR hr te josey nad ogee 7 SH 
Wha sands for, SHE? Define. Sema Bort 1 aa Bak 20 Pat 
(4) Spits 2098: tahore Bowe, 2010) ent ie D6. 
Si (or Diferenta)oxtton nd reer reac Baan 
Prove that the oxidation number of some elements r sont. 
S (9) What's lation state of Clin KCIO and KCIOs (2.0. Khon Boor, 20 so bi ~ 
(10) ci cate the oxidation number of N In HINO, and NOs Faleebet Dow SO fred ne: errr gy bee? lat Bork 
3 11°) Cale oxdaon numbers of manganese in KMn0, and sulphur in $0¥ ee eT 
—~ ‘Bowr, 2018) a f sis reverilecl? 
(12), Caleulate the oxidation number of phasphorus in: (Raotptnds Boerd, 2018) 8) Why Carey see cpr me te 
(@) HPOs (6) NoPOs : info cet? ort one ” honest 
ena Quentione ot rts nade od sc Gobeil Or 
{Define oxidation number. Describe the rules used for the coleuation 2, te anodic and cathodic React 
a ment oles and ns. Band bwd 207: 5007 
ion Bow, 2013) mtn. 


fi 0) et 8 acing ite Radox ution by Oxon ruber 
son 
: 


Por Cntramete Bead, 2012: Lahore Boor, 2018: Board, 2014) 


aH Me bot tt erose poteal of an cement with the help of 
rz 2 og in on es ano i bc ae de 


'y 
tad terol eed 10 moze ihe electrode potent of 22? ators Be, 
What is S.H.E.? Give the measurement of or 


of & aie Bom, 2010) 
How electrode potential of Zn is measured? (Matin Bong 


(2) What te electrode potential 


2011) 
tick Deseribe the construction of voltaic cell ond reaction occuring 
‘oR Describe a goloanic cell explaining the function of 


‘in the cell. labore Boar, 2009) 
electrodes. (Razclpind! Board, 2008) 


working of standard hydrogen electrode, (Samed taay 


mn unknown, electrode potential with the hep 


‘ELECTROCHEMICAL SERIES AND ITS APPLICATIONS 


‘Short Qoeatione 
fij-Daiine eloctrocherical series. Give tts one application. (Bahatetpur Boer 2007; tte 


‘our, 4007, 2018: Smgodha Boer, 2018) NOTE: For one cpplcetion see Pore 


(2) How can we calculate vokage of a celt with the help of electrochemical series. Give 


‘example, (0.0. Khan Bosrd, 2012) 
(3) What s emf ofa cal? (Molten Boor, 2007) 
(4) Wete two applications of electro-chemical series. (Guremnata Board, 2012) 
() Describe the relative chemical reactivity of metals 

‘electrochemical serles help us in determining the chemical re0 


Bow, 2013) 
(6) Differentiate between oxidizing and reducing agent. (Gujraneaa Bonrd, 2008) 


‘Lena Questions 
ioe ee ecrochemical series? Also expan twothvee opplentions of elearocheme! 


series. (0.6. Khem board, 2007: Gxbreale Boon, 2019: Sargodha Board, 2018) 


PRIMARY AND SECONDARY CELLS — 
‘Shans Questions 
3 (1) Define primary cells and secondary cell (sergodhe Boor, 2009) 
{2) What are primary cells? Give exarnple. Mutt Board, 2007) 
4, 2008: Muts Bee 


~ () Difrenite benseen 2 primary and a secondery cel. 2 ie Bos 
18) 


(4) What is the difference between a cell and a battery? pnitan Bord, 2009; Boban 


J 2010: 0.6. Kien Boor 2010) 
"ean RGOOMULATOR, ALKALINE BATTERY, SITERORIDE BATTERY 


Give electrode. lead 018) 
(1) Give reactions in lead storage battery. (eaalabad Board, 2009, 2049), igh 


(2) Of Describe redox reactions which occur during alscharging of lead coeur 
{Seryodbo Board, 2018: Matan Bowrd, 2013) 


(Gahau-teur Board, 2011) OF Hos 
ctvity of metals? (Gurnee 


weabes’doun the reactions in olkaine bate 
raxons of 0 dry cell? (Latere Boa, 20m 

aA BATTERY Seg ————_ 

‘GE CADMIUM BATTERY, FueL Cons — 


(io Doretions 

{Tha NICAD? (em at, 01 0 te 
<decrodes on the discharging of Nickle Cau Cell tance on Peo he 
a Wit sil end whe il? mca 

Gi chemical reactions cated 

er foling place ot code ond chee hs lh aes tay 


(9 How power is generated by using the fuel el 
Ah oe fel cal wat Ho rach al bn gee nda 
ther? (eboealpr Board, 2008) i 
{9 Give some advantages of fuel cel ator Bow 201) 


{I} Describe Nickel 
|Cadmium Cell rechargeable). ahve Bart, 214) 
Wik ameke on the contruction and wen of et ae ud 2h 
Explan fre! cell with its construction, elecroiytic reaction and digram (Saye Sond, 


10 
1) We 
Ziprehensive motes on alkane hater cdl cton bey (anne 


7 


AY 


Rowse eng cn. an ig od pew end nl at Met 


1. ach quevtion has four posible torwers.Choote tha correct anmwer and eacirce 1 
Oi, Pe Sedoannce n mon nny oxted hen Hato. Eons 
tire mote Eee 
decode pore of 2/280, + xidaton poten under sane condition, 
hare 0 >076V ( <oTev [alae aes 
(2 Nbeis cel end Down's cl ar exo 
(eiaetoivic cll 


@ he pt 

/uil you predict the leaslbity of «chemical neon 
Agios ceria a 
4 atten tone ate a yay 
tere ty cele? Give oe example 
et Fay Het pr 
‘ited ae anode when connected 1 Cet 


(amano one (hone dhe Pieter ten cic 
‘a cdaton raer CF CGO ee fon reduction waco map eh 
woe si ea fa iim limpet tcc ting ccc conan PW he? 
(4 Thmca wt ton tested et i Waterers of decebs ope keener 
fi oe sen Hovcopderpuiied by or ceskeeres ME" SC. Ge tn? 
ian sit Ope (fevers Gabaniecal be romsedh 


8 Ee fe) WPetarecathode end anode? 


mee ones as se 

ta -taeamaill ais 
a ol ERE pe 8 omen ne 

is 5 SS te emna 


Mia mean by end of Gah a? 
(ait metas (No, Kan Rb} are 
(it 6 Kan Rb) are Mey reaction cage tC, ganda a ec 


(6) modente tempertre (Q)lllempersture 
(vu) Aland storage col dlvers 
faz) 6v (a) 12V a dependuponthe pe 


ey nes etalon aati pace at de erases oe 
‘O)eathode and apo, 5 apne om tor asa an gp 3 
Gata ceeie  Glsowctin ates 1 eens oe 


Bi ele for oxidation Nab Pren on One? 
(8) Wie anodiownd cat ns en 
Kew tree acon akan? 


6a Beohae taal ane 

(ol decepag stream nga. (maniac ot) STS 

say Sear ck Sea z 
(akeeadGdomeca To Ndowsea 


‘Wil own the electrode rescton inthe ead mcvndsia? | 


Seca ct 3 pou at ara Vee che 
oa) is of aqueous skin of NOC produce a enade re chemicals which are used a fs inl cals? 
(2) Hage cued (NOH (@) Namal GRUBBE Ran! by th term exaton ruber or et clan dene? 
(st) In convenion of Bry to Bt, the oxdaon sate of trong chenzes fom sth oxidation sala Cin CHO? 

(e) 010-2 (@) Cto-3 (a) 205 © 1 Wes ‘Section —[L/Attampt any dre queens) Be SI<24 
(is) During eecrojai of aqueous olin of sum nal, which on seduced af aod {NWelt eaciochemien sete Gest pans (04 

feH.0} Nar OF (a)NOe os | O Wingate randae! ydrogeneledrods? Ge snus entuan, oy 
(nu) The reduction potenti f cope lars is +0.38 Vn that of 2a clctre s-0.76 V- Wh ibe he olowngcnteton nuber mea co) 

{wo are couple heer of te cl lt f7Cus HNO, > CUNO +NO, +0 

a) 0420 (+042 (0) 140 ys Nt HSOa + Mio, —>_Na50,+ Hoss + 0 +O, oo 

1 wh 6 edvntages offal li? on d 


(ox) In which of the following compound, the onkdtion state of 
GH HO (@NeOH 
(avi) In therention Cu + HNO, — GulNO4} + NO + HO, which ofthe 
aN 0 


irr ha felling equine ty lon electron method. se) 
+ MGO” ye CNO- + MnO, basic medi) 
Mor Woe! eet ccho, lel er 


fattouing fom oe! 
(af pete trprocess to deen he cde otra Tey 


‘SUBJECTIVE 7 68 [BPE of metals are more reactive? Extn wih ree 08) 

Time: 2:10 Hous Nara] eget! gna cases? : ‘on 
Note Out of Questions 2, and 4, Wie eny TWENTY TWO(Z2) shor answer. While wathe Amey LW fy Men he cxdaion sae of rn CO HHO ego oo 
Cc Bye taro agar oun a ry 


‘question numbers carefully, ol 
he construction ana working of « Gabark o 


‘Section 1 g 
Ef. Anewer any Eight paris fom the following. 
()Wite down the electrode reaction of ver oxde baiey, 
{i Zncan displace Cu trom CuSO,, but Cucan not dlupasé 2s from 2n8Oy. Why? 


eS 


Seed WI) Wiha... \ 


Things to Remember 


‘Activation of catalyst or promoters 
Enzyme catalysis 
Characteristic of enzyme catsiyoie 
Objective and short snewes,questions (exercise) 
Numerical lee 


Vast Papers MCQs and Sbort Ou 


Test your skills 


The branch of chemistry, which deals with the study of, 


ich affect these rates, te known os chemeal ‘tes end the acorn, 
Kinetics or rection kines, 
Reaction Kinetics helps to determine the mecharism o eactons 


On the basis of velocity of reactions, there are thee types of reacios 


‘Some reactions occur very slowky and take even yeas to complete 
eg. Consider the reaction 
2Hy+O;——» 2H,0 
‘This reaction occurs very sowhy and might take, pechaps, decade to comple 
Similar are the rusting of iron, chemical weathering of sone wexk of bultings by acc 
{xe in the atmosphere, fermentation of sugar 


Some reactions take almost no time to complete. Such rections ar fast resco. 
&@. Consider the reaction 

© ABNO pg + NaCag ——? NaNOsng + AC) 
Ths eaction is completed a oon 5 ANOng 20 Nh bch oh oe 


Some reactions occur a madera ae, neerin sown 
°4: Hydrolysis of ester 
CH,COOH + CsH,OH ——> cH, 000GiHs + HO 


Atescons occur in aoe oF BOLE jd le erin 
‘ reactions, one of the sep 6H 
Other sepa do not affect the ae of reactor 


‘pe axidt (diferent of x w.rs +f) 
namianeous reaction rate NT 8 Sa wt ame eg 

cand dl are very small changes in concentaton adie 

Fora.general reaction pecoely 


‘The vate af dacremen tn comcentvation of renctass 
ot The rate of incomes to nomcamtration af pradects. 
A —+B 

The rate of reaction can be expreted in ems of rte of deepemare A orc of 
om 


Expimation 
spenence of Bie. 


When reaction sar, concentration of manctanis decreases with time, while concentaton 


of produc: meveases. At si, rate of rection & generally vey fast. Thus, the slope of cine Rote 2A] _ 4181 
1s steepest for both reactants and products as shown in the fig. mar be 
‘After some tte, the slope becomes less steep showing that nae LAT ea BE 
reaction rate creases with time It shows that rate of a reaction ee ea Ome eee ceetens Ne 
‘ie. chanaing at every moment. ‘Negative sign indicates that conc. of A decreases with time, while 
Ace ute of reaction is decanting with fine. ft never jenn || Posttuestn indicates that cone of B incense wth te. iY 


remains uniform during diflerent time period. It decreases 

Cnc te reaction op 

ats [issn oxic | 
‘Usually, concentrations are expressed in mol dm and time in sec. Therefore, units # 

muse 


|? Atthe end of the interval, the instantaneous rate-becomes les than avereg® rte 
" When the time interval approaches ero, verge and insantaneous rt become 


‘he, mol/ dm? aot don wec“* 
Rate = Ae = LL nt dv sexual. 
+ Aveece and instantaneous cles become equal fo. on one nan uns 
concentrations. serve 
"At constan te the rote frelon whan th cocina cin 7 - 
a Tg |S ln anot by | 
Tha rate of « reaction beticeen spactfe time niervale ls salted the ove 20% tnéer give conditions, kremsne cast 
moction, fe, Hanae with temperature 
Let amen of produet Nore at is cand ty seg, then estes 
ang. se ng to the Law of M masses of 
Average rota = $2 » ME ass Acton the produto octive 
th ae fet «chemical recon dey ronment” 


‘volved tn the chemical reaction 


_ re F- 


“AD 


se 


‘Galan Chania: Pact} 
‘Thus fora simple reaction 
2A + BB ——> products 
Rate = K{Al* (B)” 

Where k = specific rate constant 
When [A}=[B]=1 moVdm' then 
Rate =k 
‘Thus, Rate constant the rate of reaction when the concentrations of reactants are unity 


The number of reacting molecules whose concentration’ changes during a reaction 
called order of reaction 


Consider a general reaction 
2A + BB ——+ products 
Rate equation for this reaction will be 
Rate of reaction = K{AI'(B}* 
ais the order of reaction w.r.t A 
bis the order of reaction wri.B 
‘The-suma + b iscalled overall oner of reaction 
‘Thus, order of reaction can be defined as 


The sum of the powers to which concentrations are ralsed in the rate fao expresso 
4s called order of reaction 


Order of a reaction is an experimental quantiy. It cannot be determined by reacton 
equation 

In chemical kinetics, reactions are classifed ae zero onder, fst order, second ower and 
third order. 


When the reaction ts tndependent of the concentration af reactaiita, it te called #2 
onder reaction. 
Examples: 
‘Decomposition of HI (on cold surface } 
2H eee OH +h 
The experimental rate equation for this reaction is 
Rate = KHII® = k 
This reaction is independent of the concentration of Hl, hence it is zero order reaction 
Photochemical reactions are usually zero order. 


yen eur of P 
1 


or 
at ition of nitrogen pentoxi 
NOs —> NOt 4O,y 


00 eaeeion iy 


‘The experimental rate equation for this reaction ig 
Rate = KINO] 


Hence tft order wr he concentration of 40, 


1 of tent bromide (Ps 


the resctions in which rate depend upon only one, 
Batic meoled called cscs ee ee 


CH, 


ough more thn ene 


oH, 
tertiary buy bromise tei baat a 
The experimental rate equation fr this reacion i 
Rate = k ((CHs)sCBr] 
Hence, it is first order w.r.t. [CHs)xCBr. The rete of reaction is independent of the 
Sagratabgn of water because, its preset in.vey lng emes The tba ped fat 


Semen ——— 


When sum of pawers to which concentrations are rated In there law expres 
ga hen of powers to which 


‘Wetion of nite oxide with ozone 
NOj + Oy gp —* NOry + Ore § 
‘@xperimental rate equation for this reaction is 
Rete = kk [NOJOx] 
i watt Os. 
wn Teaction is first ondar wrt: NO ani fit Oe © s 
Qual to two. Hence itis a second order 


‘The sum ofthe india 


~~ na 
poses 


Rate = k(Ar [By 


When sum of powers to which concentrations are raised inthe rate law expresso, 
equal to $ reset 


‘nisdenoted by tuz OF tox 


DFM oy +6KI gy ——P Fela wy + KCl ag + Je 
‘This reaction involves eight reactant molecules. However, the experimental rate equation 
for this reaction is ZNO @ —> 2NOew + Ory, 
alflil period for decomposition of NO, is 24 minutes t st 
means that if reaction is started with 0.1 mold? of 
snefdc# wil be left behind. 


Rate = k [FeCl] [KII* 


This reaction is fist order ws. FeCl, and second order wt. Kl 10, hen te 24 mints, 005 


‘The sum of the individual orders is equal to three. Hence ite a third order reaction, . 
Z ‘Sinlarly, after 48 minutes (two halflife periods), 0.025 molém'{25%) wi 
It shows that it is a multistep reaction and one step Is the rate determining step, The [ad after 72 minutes (three haf life 0.0125 molded si ua nite 


possible steps are Decomposition of NjO, i. ist order reaction 


Abovelexperiment clearly shows that hall life time of fist onder econ is indent 
‘ttheinitial concentration of reactants. 


‘umole 2: Disintegration of 7730 


Das 


FeCl ua: + 2KI og 82> Fela yg) + 2KCI tg + CO! 
2K + 2CI py Be BRC ag le ow 


_ NOTE: ithas a half life period: of 7.1 x10" years or 710 milion years Iisa aft rt 

The arder ofa reaction is usualy postive Indeger or @ zero, but f can ako be in frogion or J tion a 

can have a negative value. : i Jemaans that if 1 kg of #£Uis preset the fer 710 millen yeas, 05 a caret 

Example: Formation of Carbon Tetrachloride Form Ghlaroform, Sdeuhter lements, andi the next 710 ye, 025 igolthe Uilbecrane é 
CHCl + Ch ——> CCl + HCl yy 


usu best Mall Lill Du 


Seneally, 


ertod ta taversely proporitonal 10 
One leas than the order af reaction. 


‘The experimental rate equation for ths reaction is 
Rate = k [(CHCI,I{Cl* 

‘The sum of exponents will be 1 + Ye 

Hence the order of this reaction is 1.5, 


) =m - 


Iria concerration of reactant aad 1 


15 


The experimental relationship between a reaction rate and the concentration 
reactants 1s knosen aa the rate low or the rate equation for that reaction. 
Consider a general reaction 
2A + DB ——> Products 
Rate eq, for this reaction will be 


ttl, * et 


= a = Initial cone: cof reactants 


1 = Order of reaction ee 


(tua) = Half life period for 


re 


reactants, 


J, since (2) « 2688 


te (ty) @ 


Sencentration of reactants, 


Ve turd 3, ace taro 


ie 


of reacts 
a a it 


ne ee ee eee eee 


* For fit order reaction, haf Ife period Is Independent of the inital 


concern y 


. For a econ ander waco, but pet ikl Proportional egy 
* For a third ander reaction, half fa period is Invemaly proportional to the suas 
‘nial concentration 


‘Hence half-life period can be used fo determine the omar of renction, 


Example 1 


Cotculate the hol-fe partod af the folfowing reaction when the initial conc. te 0.05 M 


Hy = Hay + he 
k= 0.079 deat mot" at 508°C and Rete = KEHOE 

‘Solution: 
k= 0.079 dm* mot 


concentration of HI=a= 0.05 M 
‘Since the rection is second order, therefre 
Fora second onder rection 
(td, = 


1 
2s arpecop Eee] 


Pe 


| = 
ae “ff Sc 
Tha rie Stermining ep ofa rescton i and og 

Expl wlhfeu expen Tteraans ecg PO MCN of trea 


amp me on pave 648, 2NO + 22440 + Ny | 
L ,reoetion, WAC detainee th owe at of rato, called sted 


For multistep rescton, rate determining ep isthe sues step, 
Eselonation 


Reactions may ocsut in snl sep o sever cps. The econ. ich acu Inmate 
ino.one ste. oxe called mulisio rectons 


‘Form alnale step reaction the ony sep is ahays he ral dettmining sep. 


‘ence, experimental sale eustons can giv information about mechaniem of reaction. 


od: 
NOag + €0y—* NOyt COmy 
“The experimental rte equation for is ection 
Rate = KINO sae 
ee a ie et eto aoa wch be etm 
Step and woes ho ols of NO, 
Tig folowing mechanism canbe tn 
NO, + NO, —##-» NOs i 
Noe 0o, b> NOL 
So,fatstep sow and ts Bee Se he 
[NOs is not produced in the reactants oneune 
specie cle resco 


eset PRES ERR ACPA 


‘cot Che: Pact a 
—- 
Exercie Q10. : 

Five sobeained when graph i ploted benseen time on x-axis and concentration oy 
AS The measurement of the slopes of various points Gives Us the Instantaneous nan > 
rection. Explain with suiable examples. 4 


SEITRMINATION OF THE RATL OF CHEMICAL REACHIONS 
nis noted eit 
In 


ither by physiog 
ct orto 


‘measuring rate of reaction, progress of reaction is noted i 


cof one of the 


While 


hatte, 
‘The slope at any point on the graph (e.g, at point P) 
can be obtained by drawing iangent to the curve at that 


point A right angle tiangle ABC i completed with [oss | 
a8 | 
tangent as hypotenuse, such that O06 30) 
AC_ac 
ac ‘ 
Rateof reaction= BC at 


Exomple " 
‘Consider the decomposition Fl to Hi and fy at 508 °C. 


‘The cone. of Hl determined at various times is given in 
the table 


This table clearly shows thal for firs 50 sec, the decrease 


aioe BO 


in cone, of HI is 0.0284 moldm’, while between 300 to 350 Time ts) 

‘sec, the decrense is only 0.0031 mol/dm?. 
Hence, rate is faster atthe stat, but slower a the end. ie 
It has also shown by the slope of graph. Graph shows that slope is grealet 


beginning than atthe end. And greater the slope higher isthe rate 
‘The rate of this reaction at any ime can be delermined by drawing tangent © 
atthe required time. Slope of the tangent will give the rate at that time. 
eg. atpoint P, * 


es 


5x10" moles dos? 


al ae 


(lice: Chemist Par 


[>The taht analed tandle can be ofanvaee gan vale 
+ Ha greph is ploted with concentation of Hy or arses 
Howaver, the rate at anytime willbe the seat ith grok 


[EXPERIMENTAL TECHNIQUES FOR MEASURING 


"_Inphusital methods, roars of eacion i noted_by obaeving the ch 
ropes of the reacton miu, 
Most commoniy used physical methods are 


RATE OF REACTIO 


(0) Spectiomety (i) Conductomety (i) Diatometic method 
li) Refractrometyy ——_v) Polarimetry 


This technique s used if reactant oreroduct absorb UVIVIS oR iat 
The amount of radiation absorbed is drecly proportonal othe progress of reaction, 


Conductometry 
‘This method is best or lane reactions. Each ian has is oon eazy When sors are 
formed or consumed during 2 reacion, then conduciity chances Hence, progess uf 


reaction can be noted by measuring the conductviy changes. 
“The conductivity change is directly proportona ote ate of charge in coneatraion 
the ions 


Duatometric method 
“This method is used for reactions in which volumes chan 


“The volume change s dxety proportional fo the progress of rection 


EO yen in sr, which acts oats 
oe: jonal to the progress of reaction, 


The chang in refractive index is ety propart 


call active Le can rotate the 
ed by poles 

othe progres of acon, 

te deter ned rm the goph, 


rain is eT 
proportions 
reaction 


lane placed a. The nae oo 
‘The change in angle o 
‘iter mensurerent 2 


cst TE SY LEAN 


Consider he tyros of ethyl acetase 
CH,COOG H, + HO === CH,COOH + GHOH 
Dung thes reaction samples ae taken out of reaction 

veswel at diferent times and placed ito about four times 

Sis volume i x cokd water to stop the rection. The 

‘ditunon and chilling stop the reaction. The concentration 

Sf CH,COOH produced in the reacion i noted every 

fume by Stating against standard alkali solution using 

Pherciptihaein ax indicator 
‘The different concentrations of acetic acid are plotted 

against the time. A rising curve is obtained. Initially rate of | X- 

‘reaction 1s high but it decreases with time. The mie ~~ 

Gammined fom the concenaton-tme gph. When the gurve becomes horizons te 

ag becomes zero. 

i curve i pte with concerns of reactant, then a faling cur i obtained 


ir a paeudo frst order reaction. Since water & present in large excess 2s compare 0 
treretore, it does not affect the rate of reaction. 


The mintmam amount of energy which molecules must hove, 

aeerege KE., 10 form an ectiooted complex, te called the Actioation Energy. 
tis denoted by E, 

(Unis: It's expresed in joules 


r 
T 
T 
L 


t 
T 
i 


Ed 


(ater hi Patt 
sivply rebound afer colons and do nt frm activated com 

However, if some of the molecules gin 
complex, they will start the reaction. Such 
‘aed eoctive colisions. For 


Ball ectve then the 
reactions are slow showing fat al 


(sca Hees 


trough ney ater aos om aves 
alc, uhth oma sand cay 
wh “orientation 

be ver, most 


not effective, 


reecfion is also increased and vice vers. an i a 


‘Colina molecules frst form a high enenay tension state or activated. hia 
then leads to product. It Zan be represented as acetic! comple, which 


‘When colliding molecules come ste to each other, they slow down, colide and fy 
‘at I the colton s effective then the wil be diferent, if rot, then sane 
‘molecules wll bounce back. When the molecules slow down just before collsion, ther KE 
creases and PLE, increases. 


Example 2 
Er Bera at ancompottn of 40 a 760 th tine ead to Scope hal of 
i thermal Secor a of 20 mo wd BIB a eal P af 


al the period te mcrosly proportional to hill concentration of reece 
(the power one lee then the order of reaction. 


te 


Where = Onder of reaction 
2 = Initial conc. of reactants 
(tua ha = Half fe peri for n* order reaction. 
Let a action is carried out with two different inal concentration 
Lettwo half-se times ae t and ty respectively. 


trent 


Then 
(1) and 
Divide eg. (1) by (2) 
Aa 


he 
t 


aon 


‘Thus knowing y and tata and ay. de of reason canbe determined. 


360 mam Fg Find the order of thi reaction, 


Inil cone.= a= 3600 


Halle tine = t= 2120 


Onier of rencion sven bY 


SE LELOA S S 


‘al chant Ped = pone : a 


ssamoles 
«Elements of raup -A reacts moanil wit H,0 than elements of ou I= 
+ Neutrlation and double decompoton recon are very fst. 
+ onle reactions are very fast eg. reaction betuwen HCI and NaOH is competed in 
just 10-* sec, at room temperature sn icon 


+ Bedox reactions involve ander of elecrons,theteor, thee are slower than ione 
renctions. 


Je) I HECT OF CONC (4) 


ate of reaction is afectd by changing concentration in accordance wit lw of Mas 
‘Aatfon, This law states 
“The rate at which a substance reacts te drecty proportional to ta active mas, ond 


Since cone. of reactants present in large amount is almost constant. Therefore. rate cos | the rate of reaction la dleciy proportional othe product of the mansen of reacting 
not depend on thei concentrations. tubetoncee", 

Hence rate only depends upon the cane. of reactant taken in small amoust Ils kee ‘Thus bv Inavsing cons. of ny rect i edecesong 
smal changes in ls einount greatly flect the rate, This over of reaction wrt this eacart | sane. rale ofrwastion isderensed, . i 
peer “The faueny ofcalien beter ol depends on he cnn The 

Similay, this process is repeated with all the reactants by taking them in small amouns. | migie couse the molecls, the mse chro fclisen, Hence a 

Thus order of reaction viet. each reactant i determined. 

Hence overall order of reaction ithe sum ofthe orders uur. each reactant Bxomoles sates 

+ Cambuston roma (ath 2t OD econs tn FO 
Cinema ange itso efloetcomcnion S| 
Exercise QU tetany ns el Sit 
Discuss the actors influencing the rates of chemical reaction. * Sonatatea tone 
stosaet 
Following factor affect tha reaction rales =a 
lature of eae : athe econ 
Peer pln ie foliage sh hs recon 
2. Concentration of reactants TROD 2 a cage te ntsc 
3. Surface Area 1) Thechanging omcenmeon ond Hyon Be eo one of ihe 
erst espe NO ig ihe ene 
4. Light (1) Indl adr ced 
(ii) The overall odes 
5, Temperature Te os con 
6. Caalyst dete e0co™ -" 
iy Conserve, DO 


Reaction rates ae realy allele by the nature ofReecant. prccmaye an sssssinee 


The reactviy of» substance is controlled by ts elgctronic aranaement. 


Colles Chamba. Part 


PR Tote (41.2) Enteet of chaste tn 


| 0006 | ‘0.001 ons, 

| oan “owe oso 
006 000 O07 . 

| mt oa cane 


Experiments show that by Keeping concenkation ENO consinnt. and’ daubing the 
concentration of iy dlouble the teaeton yale and tpling the concentration of Hy ips he 
Ths, rate of reaction depends om the fit power of concentration of Hy 
ve Rate a (Hl 
Sinvorly, keeping goncentraion ol Hy sonslant end doublina_concentation of NO. 
ralses the rate to 4 times, and pling concentration of NO, ralses the raie to 9tmes 
Thus, cate of reavtion depends on square of concentration of NO 
te Rate a (NOP 2) 
Combining (1) and (2} 
Rote a (Hy) (NO 
Rate = i (Hal NOM 
Its the tate Ine forthe given reaction. It shows tha it third order reaction. Thus 
equation for this reaction if not aceording to balanced equation. 
To satis rate eg, following mechanism can be preposed 
INO + Hy tHe Ny + Ha tte dete step} 
fy Bs | 2H0 


te 


soce ame contact betiten reacting molecules incase. Hence is 


Light consis of photons of definite ener: When ight gue oa weacton 
ingens the rate of reaction Nan ae eel io 
Goambles - 

4 eacion of CH ard Cl requis light 
+ Reaction of Hz and Cl is negligible in daraness, slow in dav light but explosive in 

‘sunlight, 

+ Photosstesi requires Bob, 
+ Reactions of silver halide in photography requires lisht 


$5) cet of Feuer a [aes 
‘According to calislon theo, ale of eacton s propetona © the cumber of olson 
anong the molecules. Thus, i gcumncy of sols 
WV 


Incceased, rate of rescton is iso Ineeased. However, ll the 
‘ve activation energy tothe molecuis, N/ ‘ 


eis er ry eae tf 
; i 
hy 


‘At low temperature moat rolecles poses aveaas 
sneiay andl only ‘of molecules poses necessary 


Eto rencton as shown in the by shaded are. Mos of 
{We melecules possess average ery i 

‘With increase in fempacanu the ation of mates 
way hioh enesg! incase. The sat &, hater 
Nemmeraue Ts has Date axa Te Tro! mee Nia hey 
dlution of velo, aegis ae 
fhcanans hte umber of lees with i De SES sue clone 
a de gen i ee 


nsgere mete 


sap ato eats te omen of ection of 


sna ave tan 


DES How doce Arrhentis ete 
% jn an ele er. 
Les re 
meer IPC ise in opr 
explana by Aeris equ 


Generally rate o 
Ec f temps 


‘Collet Chanter: Past Pio | 
kane a 


requency factor or Arrhenius constant 
‘¢ = Base of natural logarithm. Ils value is 2.718281 
E, = Energy of Activation 
R= General gas constant 
‘T = Absolute temperature 
“A’ depends upon the collision frequeney ofthe reactants 
Taking natural log of eq (2) 
ink =tna-Ee 


Since tne 


‘and fn = 2,303 log , therefore 
2.303 log k = 2.308 log A ~ 


Divide throughout by 2.208 
By 
= log A=: 2) 
legk=legA~>oEe— _ (2) 
‘This equation shows that 
© Hishor the activation enerav. lower wilbe rate constant Intercept = log A 


Coleulation of Activation Eneray 
Eq (2) is an equation of straight line. 
leys-mite 
Where mn’ = slope of ine 


= Intercept of straight line 

‘gro between loa sand 2, wiv stot tne with 
Slope = 735t= and interoept = log A 

ae 

2.308R 

or E, =-slope x 2.303 x R 


Thus Slope 


- ng y 
drei fe pra ox —aaben esse 6 


Slore= 7 30aR 


Eaapies 


‘Abi drone forth tel reaps NO so tong 
Bai open bo S100 Cat ety ct eee 


Salutan: a 
Aberin. Pr corre 
cS 
aap 
shri | 
From Athens 
5 
sone" 705K 
on 2908 x Rx see 
= 28 « ASME x E00) re 
fe, = 1039sus7 J (Hasse 


Pere. 


Fy 


‘A substance that changes the rate of reaction without being coneurmed inthe rocco 
1a called catabyet. ton 


A catalyst increases the rate of reaction by decreasing the activation 


enerey of the 


Exmple 


‘+ Reaction between Hy and O, is very slow at roam temperature. However, it mens 
LUD in the presence of Pt catalyst 


‘A substonce that changes the rate of reaction hut remains chemically unchanged 
the end of reaction ts called catalyet. 


Eunction Of Catahat 
A salah lowers the activation enero of the reaction by 


28 she 


By lowering E,, more molecules can easily cross the eneray 
banter and hence reaction rate increases. 


Example 
= Reaction between Hy and Oy is very slow at 
room T. But it speeds up in the presence of Pt 
catalyst 
* KCIO, decompotes much more repidly inthe presence of a small amount of MnOs 
+ HCl is oxidized to Cly In the presence of CuCl. 
4HCl+O, 2 2H,0 + 2Ch 


The process, which takes place in the presence'of a catalyst, ls called catclys® 
A catalyst gives a new reaction path with low activation energy 
‘Thus more molecules ean cross the new energy barrier and reaction rate increase 
Types of Catalyete 
(1) Homogeneous Catalysis 
(2) Heterogeneous Catalysis 


1. Oxon of $04 50, 
sibhure esd netNO wees 
20mg 1 Oat 04 
Bot terest ad ci a 
2. Berson ste pom De 
Bath ecard cht a so 
CHOC ee + Hone CHOON + COLON 


[2 eter: Co 


In thie proceas the ctaet andthe reac ae ere hase, 
Mostly the ctayt is inthe so phse, hie the vextant re inthe gees oh 
hase 
Exomoles 
1. Onidatin of ammonia to NO ke cari outin he presence fps tnum sue ding 
manufacturing of INO, 
ANE # 50g AND | HOS 
2. Hydrogenation of usohused ogni compounds re caahaed by nly ded Ni 
‘CHa = CHa +Hre > CHCl : 


Process for the manutscrure of 


14, Oxidation of$Oq to SO, in the sorta roses fir tne mansectire fabri, 
needs V0, a5 ata, 
50h + Ong Ee 250 


coast ieol hansen an amis ESD 


Mo ded nth form of granules. 


e ton of KOO, 


+ 1g of fin platinum powder cn convert 25 de® of Hy and 1.25 gt 
‘to water. 20, 
* Dry HCl and NH, combine in the presence of trace ‘of moisture: 
‘white Fumes of NH,Cl. {2 We deny 
* Thousands of dnt of HyOy can be decomposed Inthe presence of 
colloidal platinum. aS 
3. A cotahat is more fisctive im tinely dived form. becouse increase in 
‘ea inseaaes the efficiency ofa cata and rale of encton increases 
¢.a big piece of Pthave much les eatayte activity than colidal Pt. 
In the hydrogenation of vegetable oie finely divided nickel used, 


4. i t 
time to reach equilibrium. 


5. A catalyst cannot start arenction, which isnot thermodynamically feasible. 
6 The mechanism of a catalysed reaction Is different from-that of an ureashse! 
reaction 


7. Specificity: A ‘in its action. A particular catalyst works foro 
reaction. It may not work for any other reaction, 


8. Weifferent catales are used forthe same reactant then the products mav change, 
Eames : 


Formic acid |s decomposed by Al,O, to water and CO while Cu decomposes i 
to H, to COy. 
HCOOH “% H,0 +00 
HOOOH 4 Hy +CO, 
9. 1 
Physical sate of some cofayst is changed by change In T, Hence her citi 
‘power wil be deceased, ,coloial cata Ike platinum may be corel 
there In temperature. 


ction. It only decrease he 


2 teas 
substances. Thus they become inelecve. Such substances are called poison 
‘The poisoning ofa catalyst may be temporary or permanent 

In permanent poizoning, the poison reac chemically withthe calahst. 
Example: Compounds of sulphur and arsenic act as poisons 10 man 
catalysts. eg. PL 


10, 


y wale 


‘ " 
by trecaeof HCL A Bete by coil platinum, Ptcan be mainte 
(i) In Haber’ process, presence of CO ae an impuri 

lee Impurity with hydrogen docreses the 
Fo rect proces of mafacting of HO, Pts ued asa cna aces of 


‘arsenic as impurty in the - j 
Puhr nade meng Ses makes Pintle, Tats wy ens 


|) Hydrogenation of vegetable ot cari cut by Nt 
‘The eatlytc acy of Ncan be increased by using Cand telium, 

|) In Haber’ proces forthe manufacure of ammonia, iron is used as ealabet. f 
‘small amounts of sore high main odds the alumintum oxide, chroraan cide 
‘rae earth oxides ae added, the efflency of oni increased 


si 


a_i ee 
sca 


tot 
“Tetracthyl lends dd to petal boca saves the peo! om predgin, 


i 
celled outo-catalpsts. 


1, ido of el act 


sete cd hich 2c a «ela for father 


aton ese ml the recon fe sw nthe 
2 When copper is aed fae Ag 


Messe tee 
beginning. It gains speed slowly and tnally becomes very fast 
This is due tothe formation of nitrous atl during the reaction, whi 
on, ich sped yg 
3. The reaction of oxalic acd with acted KM, 
Produced in the reaction makes it faster. 


210100, + 3H,SO. + SICOOH), HE K,S0, + 2MnS0, + 1000, + a4 


slow athe besorng bts, 


"B 
Par 4 
What are enzymes? Give examples in which they act as catalyst. Mention the characteriie, 
Seynecachas? 


Enzyme are the complex protein molecules and catalyze the organle reactions Inn 
toing call They are called blochemical catalysts, 


Many enzymes have been identified and obtained in the pure crystaline sat. The fx 
‘eye was prepared in the laboratory in 1969, 


Ezamoles: 
1. Urea underaves hyxrolysis into NH, and CO, in the presence of enzyme uit 
resent in soyabean, 
o 


fie Mit ep mahi: eb 


2. Gicone is converted into ethanol by aymase enayme present inthe yeast. 
CHO, 2, 2G,H,OH +260, 


3. Concentrated sugar solution undergoes hydrolis into glucose and fret 
invertase enzyme, present in the yeast. 
CuaHesOnn + Hy CHO, + CHAO 


Pie ce ll 
area aaa Ta 
1 eee a 


E+S === 5 
E = Enya, $= Substrate ES=Compex 


Piz, ea 


FS —>P4e 
(P=Procuct} 


The volo enna at cat le apn herpes cats. Thay ahh 
sffcent and specie. 
1. Engumes ore the most ecient tabs ixoun and ty lower the emery of 
activation of reaction 
2. Enaume cabs i Nahi etic 
9. urease ctalyes the hich wes ony and itcanes hitrne ary cher 
amide even metre. ia 
3. Enayme ctabic reactions have main 8 tn opr temperate 
4. The ot ofthe medium ao contol thera of he name ctasedreacon, 
Each ene hasan opti cia 
5. The seurty of enyme is ea evtncad by he presence of 2 comnsyme 
ctv. 


‘Coli Chasnaina Berl 


Qi 
o 


wo 


(o) 


an 


OI CLIC 
Multiple choice questi 
In nero order reaction, the Yat 
(a) Temperature of reaction 


{c) Concentration of products 
Kha Boor, 2009) Maben Boor, 2011, 2012) 


le independent of 
(b) Concentration of reactants, 
(a) None of these 


2 equation ofa reaction 2A +B > Products ls, Rates kia! 
lange excens, Then order of reaction In WA ea 
(2 3 


(ay 
(Serta ore, 2027) owen Board 2012) 


(4) none of these 


The rate of reaction 
(2) Increases asthe reaction proceeds. 

(0) Decreases as the reaction proceeds. 

(e) Remains the same as the reaction proceeds. 

{d) May decreases or increase asthe reaction proceeds. 


(Rawal Board 2009) (D.G. Khon Board, 2012) 


om 


C) 


(Faskad Nord, 2008) Bshaapur Boars, 200) (Makan Boor, 201) (Srp Board, 20 
ote) ore ood, 2019) (Garon Board 201,202, 2013 2014) 


With increases of 10°C temperature, the rate of reaction doubles. Thie tncwsel 
tate of reaction Is due to: 

{e) Decrease in activation energy of reaction 

(0) Decrease in the number of collisions between reactant molecules. 

{€) Increase In activation energy of reactants. 

(4) Increase in number of effective collisions. 


constant ls the same ae that of the rate of reaction In 
{b) Second order reaction. 
(@) Thi order reaebor. pam 


‘The walt of the ra 
i) 
(6) Zero order reaction. 


Any tb 


pom cane ofthe gp" 
rei Dicca ton, me 
fet Bony Hanes, wb 


‘Crs aecon 

Ao Price 
Wh reactor ta ronan, te ne gate 
i ce oa 


‘ex una Wh sane tha man enol ds 


2. Fillin the Ulanke with eullatle words 


Wi) The rate of endothermic reaction. 
WW) Alradeactve disegateneadowueal "case emt 


(i) For e fast reacion the rate constant is Tabfvely and halflife s 
iv) - The second ender rection becomes 

ts). These reaction becomes ___ fone ofthe reactants sin ange 
{tu} Amhenius equation canbe wed fo find cut___ of aeacion 


QSiindicate TRUE or FALSE as the cave maybe 
(i) The halflife ofa fist oder eacson Increases vith temperature. 
(8) The reaction bavng 2 avon ees einsoanets 
i) A catalyat makes a reaction more exother 
tiv} ‘There ino diffrence between rte aw and the ls ofmas action. 
{) Theor of reacton i sicly detenined by the stoihiomerty of the 
balanced equation. 


ge ct 


Gears cheno at 
OO utron end wero —— 


ch ets these rte he 


rr Tous Pal elon i Pa 


‘Chemteat kinetics hi 
esctons and the fac 


chemical hints 


| 


ee || 


* Colles Chama: Par 


Chemica! equillbrtum 


‘e Itis the state of a reversible reaction at which the rate of forward reaction b 
equal to the rate of reverse reaction. nt 


‘+ Itis only concemed with reversible reactions 


+ Le-cchatier’s principle is used to study the effects temperature, pressure an: 
‘concentration on equilibrium state 


Thermodynamics 
tis the study of energy changes. 
# Ittells about the feasibility of a chemical reaction, 


GS. The rate of chemical reaction with reapect to products ls written with posin 
tgn, but whh reepect to reactants Je urltten with negative sign. Explain I wih 
reference 10 the followlog hypothetical reaction. 

aA+RB > © eC HED 

During a chemical reaction, reactants are converted into products and Os 
concentrations change. Thus, rate of a reaction can be expressed with respect © #Y 
reactant or product. 

However, as the reaction proceeds, the concentration of reactants decreases wiht 
and the concentration of products increases with time, Thus; cate of chemical reacse 
pect to products is wnten with posive sgn but with respect o reactants is wit 
negative sign. 

Hence, rate of above hypothetical reaction can be expressed as 


LAA), 1.6) 1c, 10) 
aed ad 


pe 
ae 
Go. What are the Instantaneous rates and averoge rates? Je It true, that aor me 


vate of a reaction ot the beginning of reaction te greater than the 676° 
‘Tcorbaa for les than average rate neo the completion of eect 


of 
The rate of reaction between specific time intervals is called the average ™° 


while 


“The rate al any one Instant during the interval is called instantaneous re 


itis the change m concentaton of PM's Bente ste nares 
teactants or produce dvided by he Bl cncenttenclnacan se any. | 
time taken forthe change. aie 


It changes with time. |tdoes not changes with time, 


T depends upon the concentration of 
reactants 


Tis independent ofthe concentration oF | 
reactant. 


Tia constant quantiy 1 


Te unt depends upon the oner of 
react, 


Tis variable quaniiy, 
Tes units are mol a5" 


Its rate is given as 


‘Example: 
‘Consider a general reaction A+B + C+D | 
Rate-= K(CIID], where's he rate consant sh 


{i Homogenoi catalpea nd Heteronenoes 


call 
SE 
in this catalss, reactants and 
‘atalst are inte diferent phos. 


in this ently, reaciants end 
catalyst are inte sae pha 


err SOLA, 


Salen Chen Pot =a es 
we. the following staterenta 
() The rate of a chemical reaction ls an ever changing parameier ands 


conditions 4 Ps 
Cn es hppa othe ee of chemi racton ws Sar ee, 1: Mion Bat 
armas (Mister Board 2071 

‘Aecording to the law of mas acon ale ofa chemical reecton ie reais 
to the concentration of reactants, bi 

When the reaction sian, the concentration of reactants is high, threore 
reaction fas, As the conceriralion of reactants ls decreased, the ale afm rece el 
decreased. At the end of reaction, the reaction becomes very slow. Hence, ele alse 
reaction isan ever changing parameter 


(Ui) The reaction rate decreases every moment ban the rate constant ofthe odins 
4 constant quantity, under the given conditions. Justffy it. 
‘According to the law of mass action, rate of a chemical reaction is dieclly proporiond 
to the concentration af reactants. 


‘Consider a general reaction 
A+B 4 (C+D 
Its rate is given as 


Rate = KIAIIB], where ‘k’ isthe rate constant. 
‘As the reaction proceeds, concentration of reactants is decreased, therefore, rate is abo 
decreased. However, rate constant ‘k’ is not changed. Its proportionality constant. 


(N50% of a hypothetical fret order reaction completes in one hour. The remolning 5 
‘needs more than one hour to convert teal nto products. aie 
‘The lime required for half of the reactants (Ie. 50%) to convert into products Is call 

halflife time of the reaction. For a first order reaction, halflife time is @ constant quar 

under given conditions. = 
For the above hypothetical fst order reaction, halflife time is one hour. Therefor 
start with 100% reactants then the reaction will proceed as 


ofif2fsf[« 


wo | so | 25 | ws | 67 


Hence, aftr every one hour, amount of reactant becomes all 
It shows that SO% of the reactants ae consumed in ene hour In next ho 
remaining amount is consumed. Thus in total of wo hour, 75% of the to 
consumed wot 
Hence, 50% reactants are consumed in one hour but the remaining 50% will 
hours to be consumed. 


" 


and bod BF 0.5 Tak 
oes nor 2 Rim 
ree bor He Canc bd 


Rate of reaction isthe cane cena wl chang a ine: Thro is 
are given as 


Fate A ll smo dec? 
However, fora second order eaton thera of econ dct proportonl tothe 
concentration of two reactants, Aad Ble 
Rate= KA), where thera constant 
ry 
Or a fe 
Since the units of ralemmal dn sec, and concentration of A ad Bare pressed in 


mel dm, therefore, units of kul be 


Ta Tie nam of the cosets 0 Bleed canted waitin i al recat 
lempotentt giv th be ys Sgn a 0 Mit So 01 
“A Balanced chemical equation only gives te eeloaeee the Gees im Sant 

a an no mon deed 

ects meee eta wn 

cay a grt 2 enn cron a 
fesenl beacon Tn 


et racion 
1 ean wh order frat 28 
ate of this reacton 
= KEAINOD ser rexto) 
Hence, ween ts 14293 ie jones canilenten 
However the sum ofc ry neeqaltstmoreroreaten j 
‘Sometimes the sum sa wpranton of a roel ed te ‘ 


ee aa na ng 
The oir 8 ete fo Ss Oa, A, Soe 
ion oe 


‘Colleen Chemie: Part = 
the slow step of the reaction, which controls the overall rate of reaction, 


‘ese 


Consider a general reaction 


A+B 4 CHD 
Rate expression for this reaction will be 
Rate=KIAPIBy’, 


“2 and indicates the number of molecules involved in the sow step of 
These ere determined experimental. Rate expression i, therfore, as cre 
‘erpresion. Hence, order of reaction (a+b) is ao an enpermental quanty. Pet 


help 
= 
Using half life method, order of reaction can be determined by the equation 
“( : 
Ans 


4s isthe half fe time when the cancenration of reactants isa, and ty the hal ee 
‘when the concentration of reactants is 2». 

‘Thus knowing ty and t, at a, and ag respectively, order of reaction ‘n' can be deternivel 
‘The answer can be in whole number or in fection. Hence, hal life tame method cn bes! 
to determine both ple and fractional order. 


(G10. A cxrve te obtained when graph Te plotted betsccn time on =a 
comcaniration on yaxts, The mecsurenien! ofthe slopes of various pols 


she Inetanteneous rates of reaction. Explain whth suitable examples. a=" 
‘Solved on Page 636 
—_—_——F" 
QUI. The rate determining step of o reaction Ie found out from mechani 
reaction. Explain ts with fee exomples, —— 


‘Solved on Poge 635 


Q12._Discuve the foctors tfluencing the rates of chemical re0cbOn, 


‘Seloed on Page C42 


(U) Heterogeneous caiaote ° Sabon Page 649 
(ti) Activation ofa cotalyet Solved an Poge 651 
(ty) Auto catetysie ‘Solved on Poge 681 
(©) Cateye potoning Soon Page 620 
{ol Eneyme cotalyets ‘Sohed on Page G82 


W Change of phystea soba of 
a Sepa be onl wan 
‘The Sa oa iy add te fom of rans is 


Example : Forth decoposton 
convertor powe 3 em TT aod bac 


meena 
ee Ee ge an 


cama 25 dato Hy ad 125d 


ecmpesed ne presence of 90 


Feet ema of ine plain powse 
0; to water. of at of HO, ca” 


xaple 2: 
coil pati. 


(UVA finely dickded cotalyet map prove more effecton. 
‘A eatalyat le more effective in finely dived form, IUis because Inerense in wiinoy 
Increases the efficiency of a catalyst and rate of reaction increases, ban’ 


Example 1: eg. 0 big plece of Pt have much less catalytic activity than colloidal 
‘Example 2; In the hydrogenation of vegetable ols finely divided nickel is used. 


f 


(io) Equattrium constant of a reoeratile rection la not changed ta the preach: a 
catadyet. 
‘A colalyet cannot effec the equllbvum condiant afm renclon, W only decrease We tae 
to reach equilibrtum. 
Example: CH;COOH + CH{OH = CHyCOOGH, + H,0 
Im this reaction, few drops of H,SO, are used as catalyst. So, the equilibrium is 
established within hours. However, if catalyst is not used then it may take days to reach 
the equilibrium. In both cases, the equiloriam constant will be same at sane 
temperature, 


(0) A catalyet te specific in its action. (Serge Boor 207 Labor Baa 20% 
? duty 
8A peter ete le for petro. Bg aay 
“Wrealalyat is specif in is action, A particular catalyst works for one reaction, It may not 
‘work for any other reaction, 
Urease enzyme catalyses the hydrolysis of urea only and it cannot hycirlyse any oe 
amide even methyl ures. 


ore Oe sae 
& : 


—_—— eee 

Gia. What we cupmes? Glow examples In whlch they oc on catalyst. Mention 
‘chorectertatica of enayme cotclysle? 

‘Solued on Page 652 


Le nc cnn ead 


Determinetion of order of roaction by hal fo method: 


(Arhentosoqestion 1 determine ectoction snary: 
peers aaa er 
Z0RT 


E or E,= 2308 x Rx slope 
sept = -F303R J 


GIB. Tn the reaction of NO and Fy Wins oisaed a 
a: 340.5 om rears shal chp 102 wma ppairmpich lor] 
‘an inital presvure of 288 mem of ig the rents sex Sent 
‘seconds. Calculate the order of reaction a completed 100 
‘Solution: 
For 1* experiment 
Ina conentaon 
Halftime = 
Fot2™ experiment 
Inia concentration = a= 288mm 
Halftime = 4 = 140s 


(Onder of reaction is ven by 


: ti 


Bas [azn ies 
2 | 018 Barn 
02 [Ser 107 


‘Comparison of Exp. (11 and (2) shows that Keeping (B] constant and dou 
ion of (1 eeping (B] constant and doubting ( 


Thus Rate a (AJ! 


‘Compesison of Exp. (1) and (3) shows that keeping [A] constant and ch 
from 0.151002, atechangesftom42 x 10""bs6x 10" 


‘Thus Rate « (8)! 


Hence overall order of rate is given by 
Rote « (A)'(B)* 
Or Rate = KTATIBS @ 


Thus overall order of reaction is 1+ 1 = 2 


no 
G21, Some reaction taking place around room temperature have actioation ene 


(7 What th ano te fctor Hos 28°. 2 = 
Boluson: 


E, = 50k mol~? = 50000J mol-* 
T = 25°C + 273 = 298K 


4 E, = 50K) mot“! = 50000 mol-* 
T= 35°C + 273 = 308K 


Exponential factor at 25°C = 172» 10-7 
Exponential factor at 35°C = 3.83 « 10-7 
Exponential factorat 45°C = 6.13 « 10-* 


Hence exponent factor doubles for every 10°C réein T 


Tempers th Fotor doubles ond wo ate 


(iProve that for every IOC rive tof 
constant also doubles. 
‘Saluion: 

te is given by'Arberiuse@ 


krack 
For reaction A sans cota 


ce ang nba. cvs eam Tepe er 


Plot a graph between 1/T on saxte and log k on the y-axis, 


From plotted graph Slope 


[sss J Rented, 


the slope ofthe teh lin ed alate the emery fr cctetn gy, 


‘500 Gorsg 
= Beaxio = Tee] 
Co Seo Er 3 TeTRIO™ 
&. 
700 


2, The e~-rgy of activated complex i: anipna 
(a) Greater then the reatans & producs 
{b) Less than the reactant & produts 
(c) Equal to the products 
(4) Equal tothe reactants 

3.75% of any given amount of radioactive element dtrtegrees in 60 minutes, the half 


eof radioactive element: (mae ie. 019 
0) 20-minutes (b) SOminites”—(e) A5minuter (4) 25 minutes 
4. Sugar solution byrolyses to gcse and fucose inthe presence of eneyme:cxrmmn 
i 


Tahar Oe Tex] 
CBHI" Te TAS RIOF 


ier soon tet a 5 
(a) urease) invetae = () pmawe (rene of he 
5. When a reaction rocedsin sequence of tp, the over ar detained by: 
(nm toed on 
(0) fastest step {b) slowest step 
(6) moleclarty false) oro ferent ses 
6 Ariens equaton breed 8 ade Bw 31) : 
(A= ke (i) Kaa (Anke! (6)Kn Ao 
7... The Hydrolysis of Sugar ls oaayced by: fates Board 20357 
(unas menae fre (One 


Li 
7) 
8.36 x 10*K 
R= 8314) mol"K7 5 


seine basa Ss 9. Theanine eee, 
logk = log A~ 5 attr 10. The rate of chelation inde 
sone = tg ; 
E,= -2308 x Rx slope 
E,=-2303 x 8314x (-836x 10 ~ “6 
E, = 1600705 = 60.07 i 


Sollee Chemiere: Part 
13. A substance which make the catalyst more effective is called (Lahore Boerd, 
(a) promoter (b) Inhibitor 


14, The onder of reaction forthe reaction NO +0,——+NO, +018 Feast Boor 23 


15, The minimum amount of energy required fr an effective colision is called (tere dng 


(2) Activation energy 
() Translational energy 
16. With increase of 10°C temperature, the rate of reaction 
Tate of reactions due 10 (Feoabed Bowrd, 2007) 
(a) decrease in the activation energy of reaction * 
(b) decrease in number of collision between the molecules 
{€) increase in activation-energy of reactants 
(4) increase in number of effective collisions 
17. Normal human body temperature is (Lahore Boerd, 2011) 


becomes double, This increase in 


18. The unit of rate constant depends on (Sergodhe Heard, 2010) 
(2) order of reaction (6) number of reactants 
19. The rate of reaction determined at any given time is called ‘ssyodhe Roerd, £018) 
(a) instantaneous rate 
20, Velocity constant isthe rate of reaction when the concentrations of the reaclants are 
(Sergodhe Beard, 2014) 


Detailed Explanation of Past Papers MCQs & 
Answers to all Past Papers SHORT QUESTONS in 
OLLEGE CHEMISTRY OBJECTIVE BOOK! 


COLLEGE CHEMISTRY OBJECTIVE BOOB" 


Siok Ouseione 
{1} What do you mean by chemical kins? apm Son ey 
(2) Wha ig meant by ate of reactor? Dest pe ha tn acing 


(6) Define instantaneous and average rte of ecton seacedre soy 
(©) Diferentote between average and instantaneous rat of recon fcr dane oa 


-013) Define specfc rote constant. (tater Soa 019) 
(0) Differentiate betaeen rate and rate conan! of @reacton fant Bor, 007+ 
‘eenapur Boor, 2068, 2011) 


tans Questions 
(Define () Rate of reacton i) Specific te ofa recto (i) Order of reaction 
essai Boot, 2000, Fete Bod fi) OO 
‘ORDER OF REACTION 

Ste. Geerons 

1) Define order of reaction with examples tater Bom 111,04 Adah Bo 21 
(2) What ts 0 zero order reaction? (eed oa $00) 

(8) Whats a pseudo fist order reaction? Kim Bank 08) 


(9) Define rate of rection ond crder of reactor eed ow 88 
1 Ase mescocay a chones ras nip ne ee of nero 
He? (apn ord 3007 
OT Eph on exe tod ed te; ea or 
ppp aetlor arn Boer $008) 
Bibrey oracrvarion 
A Bee erty feta et et ‘snangncicins 
a a me somes 
(2) Def Acton en Aa cd ne ml 
2001 ena Br 3810 | eet 


i ar a 
(8) What i energy of octation? What stn gap ame! Bod 


( 2 brief nots on nee 
Mee ee a oe 


(2) Whe names of on™" 


(2) Define order of reaction. Write the names of two methods which are used 1, 

the order of reaction. Ramtyind ow, 2010) eaerin 

{3) What shalf.ife method forthe determination of order of reaction? ther Bong 

(4) Write rate equation for the following reactions: (Gejranece Beard 2012) ae 
(a) NO + 0,» NO, + 0, 


(b)CH, + Cl CHIC! + HCI 
(5) Whats meant by haf period or time)? Give one example, (Naten Bow 20 a 
(6) Compare order of reaction and molecular. (Seryedhe Boor 2013) " 


Lona Questions 

(1) Define order of reaction. Name varlous methods for ts determination ond explo hoy 
‘fe method in detail. (GujrnualeHowd, 2008, 208: 0, Khan Bord 2010: Lao Bord 
atmlobos Board 2013} 

(2) What s order of reaction, Describe two methods for finding order of react 

kode for finding order of reaction (Guna 

(8) What is order of reaction, Describe he methods for finding the order of reccton. dam 
Boord 2010) 

(4) Define haf lfe period and derive the relation between half and order of reaction 

— (Resalpindi Bom 2010) 

FACTORS AFFECTING RATE OF REACTION (RATORE, CONG. LIGHT, SURFACE AREA) 


() Name factors which affect the rate of reaction. (0.0, Khen Board, 2009; Rexuptnt Boo 8 

(2) How surface area affects the rate of a chemical reaction? (Feictbad Boord, 200, 201 
‘Gujronsla Board, 2013) 

(3) How light affects the rate of reactlon? (Sergodhe Boor, 2010) 

(4) Why light speed up the reaction between H, and Cl? (0.0. Khao Boerd, 2011) 


ona Queeitons 

(1) On which factors rate of chemical reaction depend and explain the effec of concent 
Cf reactants. 10:0. Khan Bord 2012) 

(2) Discuss the factors which influence the rote of chemical reactions. (0.0. Khon Bord 20. 
42012; Maton Booré, 2011: Falelabd Beard, 010, 2012) 

(3) Discuss three important factors influencing the rate of reactlon (anore Goad, 2007: M 
Board 2011) 

(4) How rate of reaction depends upon the olloulng factors; !) Nature of reactants 
Surface aF€0. labore Board, 2010) = 

[EFFECT OF TEMPERATRUE ON RATE OF REACTION, ARRHENIUS EQUATION 

i ireny exp ows 34 

(1) Briefy explain how higher temperture increase rate of reactton?iehasin Bor 

OR Explain the effect of temperoture on rate ofa chemical reaction, (Guronack 


of react! 


one Queettone 
(1) Explain the effect of temperature on rate of reaction, Faslabed Boor, 2009) 


(2) How does Arrhenius equation help us to calculate the energy of activation 
2 does re ean pat roar ef 


ofe 
(3) How Archenius equation explains the effect of temperature‘on the rate constort 
reaction? (Soredhe Board, 2010) 


‘SeattQuertions 
U1) Define heterogeneous catalysts wih example amt ors sry 


homogeneous nd hawone sea 
bag tle Cl wh epee ant 


{#) Describe two characteristics of a cnet, (Spode Bor, 218) 

5) A finely cided cata more ie reson 

(5) Analy dated calaist may prove ore effive Gees au ave en pe 
(6) Whats cota polsoning? Give examples 0. Nm oe 320,308 ani bt 


(7) Wheat a promoter or atsatr? Give an expe. 0 Kom nd Fmt ar 
2009 OF What action fo eta? ie uo expt toanaetocen sot oe 
Fen Sor 22 Ltr Boo fs ona 

(8) Deine negate casio fg uth on earphone Bot 
208 own od 01 Na oo 

(9) What is autocatalyst? Give one example (Guanes Boat 2011, 2015; Rabin Boor 
2018 Samp Boe 2010 


tesa Quentone 
(0) Whats homogeneous cathy? Ge a exomee eee tart 20) 
(2) Diferentiate between Homogeneous esas ont Heterogeneous cata with 
xamples (0 en Bw, 209 ars Boe 1 Sgt od 1) 
(8) White brief note onthe flltrs ay 
{) Homogeneous cass. i) Heterogeneous chs Waterton) 
(4) What is catalysis? Write down ts types ard expla any one af th 
2011 aon Bd OTR see Bt pls (2 mr 
(5) What co you mean by ext posing of cae? ie ss 
4) Wie our cheratersis of os omen Bt 2 


ENZYME CATALYSIS: ene 
nhich ene act ct Raters Bs 


(1) What are enayrnes? Give tuo exams and gicone oar 
Mr tr aeeccngor Skee ceo ates Br 
cos? Pat 


e Sek peemnor eo: 5008) 
et arenes om i i 
ws i anneal 


ene 
(3) Write coun any to charirie oy 


ean, 2013 Car Bork 30 rant 060 
(hen Boa, 2013) wy enare oie shea 
(4) Define: (1) Cotalyte polsonine vena ee tar Bm 


(1) What ore enses? Exon? 
Bow 201) 

{2) What are ensymes? She Fon ee 
(8) aha engymeco O 
catalyes (2.0, whan Bom 


(clan Chain Pat = a 


‘Tame: 20 Pate 
‘Note: Over wring. tng ering ung ad peed re oat of mats 
‘GH, Each qentinn hes fear poste enowere.Cheoes th corect anower and ence 


cy 


Cy 


oo 


Marta 12 


“The catahat usd forthe rencton HOOOH Hy + 00, 


() Alumina (Silica (@) tron 
‘The ua of rte constant for ft order recon are? 
Bd mans melds? @ melts 


"Th era of ection ot oan econ skew 
(s) Extotherse rectors [e) Exot esen] (2) uote escion (Nowe 
Wen sO son mec th rn Bw al ssn, pa encton oo 
{eh Niet @) Cabench [) Aizzacer] (0) Aloy of 

‘Tae ntemnce at shen th ee of» ene cio bet evrd uncharged 
cy Renctont (6) Product =e) Cateye] (d) None: 

We mie of recon becomes four Se when the cone of reacant Ab dot, MO 
oncentaon of oer rnc coat Tone ode ecto wi Awa be 

ts 3 or 


(Urease enzyme extn the hydro of 
a 1) meth reo (c) ethyl wren (all 

Suge rokion hyseajae fo hucose and frcowe in the presence of ene 

(o) ease (0 amae (a) none of thse 
‘Toe Unto rate of veacion 


a owe ewer 
pec ee rs at iss 
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SECTION 
Note: Attempt any tires questions, (8x3 = 24) 
(a) What are London forces. Explain vious facto fecing 
(©) Mg rents with HCl sve ydogen ga. Whale minimum vohume of HC oon 
{27 % by weight) required to produce 16.1g of H2. Th deat of HCl sohtin 1.26 gta? 
Mais) + 2HC1 (on) —> MaC(ea) + Hila) 
(64a) What i hyridieation? Explain Sp2 hybxiintion wth earple, 
() State fst aw of thermodynamics and prove that BE = gy 
ta) What ts Plasma? How 8 produced? Give i vo aplcations 
(8) Deseive Milan's Ot Drop method forthe meaeurement of charge ofan econ, 
(0) Whatis Standerd Hydrogen Electrode (SHE)? Howie it nod fo the menturement of dectate 
potential 
(©) Calculate the pH of bulferslaion in which 0.11 M CHCOGNa and 0.09 M. 
‘seat cd chaons ere preset. Ka fr CH,COOH 1.85 x 10° 
9. (a) Explain Rous Law when both components are volatile 
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